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TITLE: SHOP SAFETY

UNIT: SAFETY

OCCUPATION: MACHINIST

BEST COPY AVAILABLE

ASSrms7.,F7irr si=

OBJECTIVE: To familiarize the student with common safety
practices in the shop.

REFERENCE: Anderson - Tatro. Shop Theory New York; McGraw-
Hill Book Co., Inc. Chapter 1, page 1-22

DIRECTIONS: Read the above reference and answer the following
questions:

QUESTIONS:

1. What is a safe dress for a machinist?

2. How should a long steel bar of stock be carried in
the shop?

3. What is the safe way to lift a heavy object?

4. What is meant by good houskeeping in a machine shop?

5. Why is it dangerious to run a machine on which the
guards have been removed?

6. What causes the greatest number of accidents to
workers on the bench?

7. What are the rules that govern the safe use of wrenches?

8. What rules govern the practice of safe hacksawing?

9. How should work be held for drilling on the drill
press?

10. What rules govern the safe operation of drill press?

11. What point of safety does the machinist stress when
he says, "Never let go of the chuck key"?

12. How should milliug cutters be handled?

13. List five (5) of the most important rules to follow
that will assure the safe operation of a milling machine?

14. Why is it important that the operator of the shaping
machl n- wc',J tv (i I _1

35. List seven of the most important rules that govern the
safe use of a gr.Lnding machine?
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TITLE:

UNIT:

OCCUPATION:

OBJECTIVE:

REFERENCE:

DIRECTIONS:

QUESTIONS

HAND TOOLS

BENCHWORK

MACHINIST

BESI
COPY AVAILABLE

ASS Trt IMFM REF"

To Familiarize the student with the common hand tools
and their correct use.

Anderson - Tatro. Spho Theory. New York: McGraw -
Hill Book Co., inc.--ChaFEFF-7, pages 23-53.

Read the above reference and answer the following
questions.

1. Describe and give the use of the most' common types
of hammers used by a machinst.

2. What ane the principal parts of a hammer head?

3. What is a drift punch and how is it used?

4. What type of punch is used to drive out dowel pins,
rivets and cotter pins?

5. How does a prick punch differ from a center punch?

6. What is the point angle of a center punch?

7. What tool is used to mark lines on metal?

8. List the common types of screw drivers.

9. How should the blade of a worn screw driver be ground?

10. Describe the following spanner wrenches.
(a, Pinhook. (b) Pin-faced. (c) Hook.

11. What type of wrench is used on socket head set screws?

12. What is the point angle of a flat cold chisel?

13. List and describe the four common types .of cold chisels.

14. Explain how to heat - treat a chisel.

15. Why must goggles be worn when chipping?

27
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TITLE: HACKSAWS AND SAWING

UNIT: BENCHWORK

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with proper use of the
hacksaw and the types of hacksaw blades.

REFERENCE: Anderson - Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 2, pages 35-39.

DIRECTIONS: Read the above reference and answer the following
questions.

QUESTIONS:

1. How is the length of a hacksaw blade determined?

2. Why does a blade have set?

3. What is the principal factor when selecting the
number of teeth on the blade for a job?

What are the advantages of'a flexible back blade?

5. What is the minimum number of teeth that should be
in contact with the work when sawing?

6. What pitch blade would be best for sawing 1" diameter
bar steel?

7. What pitch blade would be best for sawing thin
sheet metal?

8. What is the correct speed for sawing?

9. What are the common causes of broken blades?

10. What are slotting blades?

2n
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TITLE: FILES AND FILING

UNIT: BENCHWORK

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with the types and FtWer_
uses of files.,

REFERENCE: Anderson - Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 2, pages 39-46.

DIRECTIONS: Read the above reference and answer the following
questions.

QUESTIONS:

1. Name and sketch the different shapes of files.

2. What are the two cligses of files?

3. What are the six grades of files?

4. Why should a file never be used without a handle?

5. What is draw filing?

6. When filing why cross the stroke?

7. What is the preferred file for draw filing?

8. What file is best for aluminum or other soft metals?

9. What are needle files?

10. How are files cleaned?

2!)



10
" 

M
IL

L
10

" 
F

LA
T

10
" 

S
Q

U
A

R
E

`6
'
..r

-z
22

22
2:

t..
10

" 
H

A
LF

 R
O

U
N

D

8"
 W

A
R

D
IN

G

,

10
" 

H
A

N
D

 1
0"

 P
IL

LA
R

10
" 

R
O

U
N

D
10

" 
3 

S
Q

U
A

R
E

8"
 C

R
O

C
K

E
T

8"
 C

R
O

S
S

IN
G

,/
.e

...
...

8"
 B

A
R

R
E

T
T

E

. e

K
IN

D
S

 O
F

 F
IL

E
S

..
...

.r
."

"
A

8"
 K

N
IF

E



A.SSIc.7.411T S14.=

TITLE: MEASURING AND LAYOUT TOOLS

UNIT: BENCHWORK

OCCUPATION: MACHINIST

OBJECTIVES: To acquaint the student with the types and uses of
measuring and layout tools.

REFERENCE: Anderson - Tatro. Shop Theory. New York: McGraw-
Hill Book Co., Inc. Chapter 3, pages 54-99.

DIRECTIONS: Read the above reference and answer the following
questions.

QUESTIONS:

1. Name the parts of a combination set.

2. What are the standard graduations on a machinist rule?

3. What is the advantage of a hook rule?

4. Explain the use of dividers.

5. What are inside calipers?

6. What are outside calipers?

7. Explain the use of hermaphrodite calipers.

8. What is a surface plate?

9. What is a surface gage and how is it used?

10. List the common types of micrometers and give the
use of each.

11. What are the five principal parts of a micrometer?

12. What are the graduations on a micrometer?

13. What is the smallest graduation on.a vernier micrometer'

14. What are the graduations on a vernier caliper?

15. What are the advantages of a vernier caliper?

16. What is a vernier bevel protractor?

17. What is the smallest graduation on a vernier bevel
protractor?

18. What are gages used for?

31
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19. What are gage blocks and how are they used?

20. What is a sine bar?

21. What is a dial indicator?

22. What is a snap gage?

23. What are the three classes and accuracy of gage
blocks?

24. What is a master gage?

25. What is a radius gage?

32
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USE OF THE STEEL RULE
4.

BEST COPY AvAILABLE

\

FIGURE I

Parallax or observational error is the apparent movement of an
object as viewed from varied positions. On the left in Figure I;
parallax may very well affect the measurement. Parallax will not
affect the measurement on the right because the graduation of the
scale lies directly on the reference point, therefore, even though
the object is viewed from varied positions, the same reading will
be obtained. Parallax may also be overcome by aligning one's head
so that the line of sight is directly over the measured point.

When measuring, one must be certain they are working from the
proper reference surfaces and along the correct line of measure-
went. It is obvious on the left in Figure II that the scale of
the rule does not lie along the line of measurement, and incorrect
readings will be obtained. On the right in.figure II, the shoulder
acts as a suitable reference surface to measure the work piece.

.11111111M11110

One must never bend or distort a rule in striving to obtain a
more advantageous reference point as on the left in Figure III.
With the rule bent in this manner, it is impossible to obtain
a correct measurement. The correct procedure in measuring this
work piece is shown at the right. An inch graduation is used as.
a reference point with the scale edge lying directly on the line
of measurement. In this manner parallax may be avoided and

36reliable measurement is obtained.

FIGURE III
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USE OF THE STEEL RULE

FIGURE I

BEST COPY AVAILABLE

Difficulty may be encountered in attempting to
align the end of the rule with the edge of the
work. Eh e wear on the work or rule would make
alignment more difficult, and precision and
reliability would be lost.

FIGUREJI

A c.,
The hook rule provides-a reference point \\\\
within its construction. This type of rule
provides for greater precision and reliability. \ .

One must make certain that wear between the hook and rule, or burrs
on the work piece are not influencing precision and reliability.

FIGURE III

With the work piece placed firmly against
a reference surface such as the angle plate
in this figure, preciiion and reliability may
be achieved. The angle plate acts as the ref-
erence point for the work and eliminates manipulation errors. It

.is essential that the work have a good bearing against the plate,
that no burrs are present,. and that wear o' the end of the rule
is not affecting reliability.

FIGURE IV.

Ey using an inch graduation an a reference point
on the scale, precision and reliable measurement
are possible with the rule. With the graduation
directly on the edge of the work, parallax may be 37
avoided and by not using the end of the rule, end
wear is inconsequential. 4



USE OF Mr !WPM GAM: AND cOMUINATION SVUARE

NEST COPY AVAILABLE

FIGURE I

Figure I-A illustrates the proper use of the depth gage. the faces of the
head have good bearing on the reference surface, and the reference surface
of the head is perpendicular to the: axis of the hole. Figure Ire and I-C
illustrate manipulative errors which may occur, and it is apparent in thes
figures that wear on either the face of the head or end of the rule would
affect reliability. Carelessness or foreign matter could very well produc
conditi s of 8 and C also.

In

010111111111111

A.

FIGURE II

A, in Figure II, illustrates the difficulty involved inttrying to obtain
a reading in a haphazard manner, alignment is, difficult with just a rule
and piece Of straight stock., Figure II-C shows how manipulative orrore
due to presenie of dirt, burrs, or improper use may occur. The head in.

has a good bearing on the reference surface, therefore reliability may
be achieve Faith in the instrupen is limited to considerationofwear
factors.

A
FIGURE III'

Wear between the head and the rule can produce the conditions Le &of
Figure III, Wereby the work is square but the instrument is not. Figure
III-8 illustrates proper use of the combination square as does C. In 8
however, the work is out of square. Conditions somewhat similar to those
round in A and 8 could occur, if there were poor reference surface condi-
tions *resent.
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FIGURE

Figure I shows very common errors in
application of the hermaphrodite calipers.
Manipulation errors would be made quite
easily under these conditions. The caliper
leg would have to,fove in a straight line
along the edge of the work and at an equal
distance down from the edge of the work ao on the scale.in A. In
both examples false measurement would be encountered, if the line
between the caliper. leg and divider leg were not perpendicular to
the line one desired to scribe.

BEST COPY AVAILABLE

FIGURE III/

FIGVRE In

A

In Figure II the distance x in A
must be constant in measuring it
reliability is to be maintained.
The distance y in B illustrates
the variation that occurs with the
caliper leg at points and a.
Figure II-C illustrates the varia-
tion encountered when the ConditiOni
of B are present or when the line
between the caliper end divider leg.
is not perpendicular to the line to
be scribed. Figure II-0 illuitrAtOs
a more reliable method of scribing
a line parallel to the work edge.
The dotted line in E points out the
error which would occur if the Cali-
per leg should slip to position pi,

Figure III shows thesequence of layout of the
center of cylindrical work with the hermaphro-
dite calipers. Aseries of arcs are scribed frOP
varied Wets on the diameter of the week. The
center of these arcs is found to be the cemter'oF
the work. This is a common application ed.the :a
hermaphrodite calipers, and it care is observed,l..
reliable measurement may be attained.
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VERNIER CALIPER FEATURES

The scales of the vernier cali-
per are illustrated at the right,
with the top vitt. showing the
inside scale and the second view
showing the outside scale. These
serve to illustrate the basic
features of any' vernier scale

BEST COPY NAURU

1454 32 1 i 5874543
o'

1

'''1:11 l'i1 lit,
.

lo. I

. .

I

25 20 15 ID 0
e.00t ,w. INSIDE

essentially. The bottom por-
tions of the it re-

.

present the vernier scale which
moves relative to the basic scale

. to indicate divisions of that scale.
The inside scale serveb several pur-
poses here. It not.only shows that;
with inside measurements the
scale must be read from right
to left, but it also 'Hue-
trates the instance where more
than two lines will be in co-

,

; incidence. This occurs with
exact .025" division readings,
in this case .350. The out-

.

: side on the other hand, must
w;. be read from left to right, and
1. the reading in this instance is

3.392N.

FIGURE II

A

A

FIGURE

4 . .4567E19:1234567
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Mani:mlation errors may occur through
misuse of the vernier caliper.
This happens due to the fact that the
design of the instrument is such that
it depends a great deal upon the skill
of the user. Alignment and "feel" are
two very important considerations if re-
liability is to be attained. Proper al-
ignment of the vernier caliper along the
line of measurement as illustrated in
Figure U, is essential if precision
measurements are to be obtained. In this
illustration the jaws of the vernier cali-
per must be exactly perpendicularto the
line of measurement, and the imaginary
line between the two measuring surfaces
must be one and the same with the line of
stasurelent. Thome factors are considered

and maintained in Figure II, thereby assuring-re-
liability and precision to a large degree. "Feel"
is essential to determine the minimum separation of
the jaws with outside measurement as in II-A and
maximum separation of the jaws with internal mea-
surements as in II - B.
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OF THE VERNIER CALIPER

FIGURE I

Alignment and "feel" are manipulative factors which cam affect
reliable measurement. In Figure I alignment errors are illus-
trated whereby the line between the measuring surfaces is not
parallel with the line of measurement or the jaws not perpendic-
ular td the line of measurement. This is brought out in I -A, and
one may readily see that the true dimension of the work piece is
not being measured. The bottom view of a cylinder being.leasured
in IS of Figure Is serves to illustrate hew it may be necessary to
rotate the movable jaw across center several times, and determine
by "feeln when the jaws lie along the line of measurement or the
actual diameter of the work piece.

A

FIGURE /I

rigure,II serves to illustrate the effects of taprognoriumge of
the vernier caliper. Excessive gaging pressure could cause the
emaggerated conditions of II-A and II-B. With A, if too each force
wore applied, the movable jaw could bend slightly causing the vernier
seals to move too far along the basic scale and a reading somewhat
'less than the actual dimension of the work piece would be obtained.
With et a somewhat larger reading would be obtained than the ac4ual
diameter. Improper usage in this manner could eventually lead to
the conditions of II-C, whereby the movable jaw becomes sprung, or
wear between the jaw and the graduated bar is excessive. It may be
noted that wear from extensive general use could produce similar con-
ditions, and checking the sore setting as illustrated in C or fatting
measuring surfaces of the instrument in this position say show these
factors quite distinctly. 47
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VERNIER SCALE25
M .600 LONG GRADUATED
boo INTO 25 E. ?ARTS
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X,g...±... ARE .025 SO IN .040 WE/00
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USE OF THE UNIVERSAL BfvEL PROTRACTOR

FIGURE I

The illustration in Figure 1 serves to show improper
application of the universal bevel protractor. In this
instance, the instrument would produce a reading some-
what greater than the actual angle formed by the two
surfacei of the work piece. Conditions such as this
could be caused by manipulative errors, 'burrs, dirt, or
poor reference surfaces. These factorswould have to
be given consideration, to provide for the blade having
a.good bearing on the surface of the work piece.

In Figure II an incorrect reading would also be
obtained as the blade and base of the instrument
do not have a true bearing on the work piece.
Foreign objects and manipulative errors would also
be factors which could cause this condition. The
reading obtained would actually be somewhat less
than the work piece features, as the blade has not
been opened the desired amount to duplicate the
angle between the two surfaces.

FIGURE. III

FIGURE II

Another error in application of the vernier bevel pro-
tiactor is illustrated in Figure III. Here again the
blade has not been opened a sufficient amount, relative
to the base of the instrument. This illustrates very
distinctly how an obstruction upon the surface of the
work could cause errors. In'the illustration the base
of the instrument is not bearing on the surface of the
work. This might also be caused by applying too such
force upon the blade and csasing it to ride too far up
along the surfac' of the work.

Proper application of the universal bevel protractor
is shown in Figure IV.. In this example the blade
and the base of the instrument have proper bearing
upon the,,purfaces of the work piece. This is the
basis of measurement of the universal bevel pro-
tractor, whereby the instrument reproduces or
duplicates the features of the work. With the
part fest:Irft properly duplicated, the value of
the angle in degrees and minutes may be read

from the instrument.
55
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SNAP GAGE APPLICATIONS

.JIGURE I

The .i12ustration above shows the features of a standard, solid-.
Consiruction, S/8 limit snap gage. The basic delimit of this

.
gage is somewhat similar to that of all snap gages,' that is
the U-shaped frame with accurately machined blocks attiached
and set at specific dimensions. These may also be adjustable
and are used primarily for gaging external surfaces or diameters.
A work piece within the tolerance of this gage would enter the
.625" end (O&M conditions)but would not enter the .6201.end ("No
Go* conditions).

A

,

The .threaded gage as illustrated in Figure II is used to gage:ths
limits of tolerance of the major, minor, and pitth diasetori:ot an
externarthread. They are designed for threads-ofa particular ,

pitch and class. Variation in Class of threads will also vary the ..
limits of tolerance of the pitch diameter. The two sets of rolls* .',.

ttachedto the frame determine whether the work piece is within

tolerance. The threaded work piece will engage readily with the
'rolls as can be seen with end view A. It the work piecels within
tolerance, it will pass through the leitihl set of rolls with no
lore than slight drag ("Go"),but will catch in the second set .

11:11,NO Go"). The rolls will revolve Whoa engaged, thereby distributing
Wear evenly around the periphery of the rolls. Theme gases are 0o-
duced in a large variety of designs according to varying else, pitch,
class, and thread fors.

FIGURE II

56
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TAPER RING GAGES OESTIODRAVAILABLE

the taper ring illustrated in
Figure II serves to illustrate
variation in design of some of
the taper ring gages. This could
be either of the particular types
of numbers, but the basic differ-
ence arises out of the steps on
the end of the gage indicating
the limits of tolerance. The
ideal position for the endof
the tapered work piece would be
along the broken line in the il-
lustration, i.e., exactly between
the limits of tolerance.

57

In the illustration at 'ttm left,
an application of the taper flag
gage is shown. The work piece
inserted in the gage ii within the
limits of tolerance as shown by
the two scribed lines on thelloge.
The number 6 on,the gage may in-
dicate different items according
to the type of taper. A number
6 Brown & Sharpe would have ap-
proximately .50011 taper per foot
with a diameter at the small end
of .500" and a length of.2-3/8"...
The number 6 Jarno has a taper
of .60011/foot with a small die-
metei. of .60011 and a length of
Pt. The Morse number 6 has a
taper of approximately .62S,
/foot with a mmalrdiaaeter:of
4.110 and a.length of 7-3/8.

FIGURE II

..
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APPLICATION OF THE TAPER PLUG GAGE,

A

, ,

1

The drawings at the. left illustrate
a number of errors which may occur
when producing tapered wotk pieces.
They also serve to show how these
errors are detected through appli-
cation of the taper plug gage. De-
tecting errors in the diameter size
is determined by,the depth of inser-
tion of the plug gage. With A and
'B the amount of taper is correct,
but too such stock has been removed -
diameters too large in, A, and not
enough stock has been removed.-
diameters too small in B.

Incorrect taper is illustrated in,
C anti'D; taper in C not pronounced
ertough - too little taper per foot,
and taper in D too pronounced - too
such taper per footl

One must keep in mind that tapers
may vary with different types such
as Brown & Sharpe, Jarmo, and Morse,
and within these types there are
various numbers which may vary
slightly in taper per foot and
diameter sizes. It is important
that the correct number and cor,,
rect type of taper are chosen for
a particular application. Once
this is achieved and the correct
taper is machined, the conitions
in E may be attained.

With.E the taper'is correct as il-
lustrated by the bearing between
the work and plug gage, and the

N diameter tolerance is maintained
as shown with the end of the work
falling between the two scribed

.r lines ci the plug indicAting.the
Units of size. Important consid-

Kq
here are dirt, burrs, and

- heat as well as several other items
which would greatly hinder precision :%,!

..tent vial *hi 1 i c.f.__
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;TREAD GAGE DATA

GO

C)

.'FIGURE I

FIGURE II

..
.' z-1 .

.fc!

The figures above illustrate some of the wariouileitUres of the
thread plug gage and the eating of threaded work with the thread
gage. .11: Figure I design of the thread plug gage is illustrated
*quite effectively. this gage checks the major, minor, and pitch
diameters of the thread: the *Goo member checks the major.diameter
of the emallest-threaded hole, and the "We Goo member checks the
pitch diameter; must not enter more than two turns. With Figure II,'
the top portions of the illustrations represent the ,actual-work piece
with the bottom portions being the thread plug gage.- In A the diameters
are cut too large (thread too deep), end there would be play between the
work and the loge. A similar condition exists with. d.

. More important
however, is the fact that the pitch or lead varies and is incorrect
along the length of the thread. In C the helix angle of the thread is
incorrect and though (Nance as in 0 the feel of the plug in the hole
might sees corftcl., it, is bamy to see.how these I-breads would soon
peen down, thereoy producing an undesirable condition. This,illus-
tretes the importance of sharp and true cutting tools. The conditions
-in D illustrate the fit between threads one must always strive fora
There is relatively perfect Tit between the mating parts. 59
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DIAL INDICATOR FEATURES

FIGURE III

FIGURE II

A. Rack Spring

B. Hair Spring

C. Rack

D. Driver Gear

E. Rack Gear

F. Pinion Gear

ne general features of the dial indicator instruments are illustrated in theigures above. Figures I and II serve to show a variety of 'ranges scalegraduations, and different types of dials. Figure I illustrates the balancedial with a range of .030" and .000S" scale divisions. The indicating hand: at rest at the nine o'clock position as with all indicators, and the fullNivel would be 2 1/2 revolutions of the hand. Zero setting is possiblehrough unlocking the bezel screw at_the upper right hand position of the in-icator and rotating the dial. The long range dial indicator with the contin.-dial is illustrated in Figure II. The range of the dial is .100", anddial is graduated in .001" increments. The total range of the instrumentone inch as it has a supplementary dial to count the revolutions. Ampli-ication is achieved with these indicators through the system of gears or aosewhat similar gear set-up to that illustrated in figure III. As the spin-e is moved, the ruk in turn rotates the rack gear which is mounted on theshaft as the drfter gear. This large driver rotates the pinion gear whichconnected directly to the indicating hand and this is how readings are ob-
tined. The ratio of these gears is the amount of amplification. The hairring acts to take up any backlash in the gear assembly, and the rack springAs to bring the instrument back to the rest position and maintain gaging!essure.

rl
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A

THE TEST INDICATOR AND DIAL INDICATOR USAGES

FIGURE I

The discrimination of the test indicator illustrated in Figure
I-A is .00005", and the range of the dial is .00". This ins-

trument is generally more accurate and more sensitive thin the ordinary
dial indicator. These instruments duplicate measuring pressure for num-
erous readings, and they provide for precision transfer and comparison
measurement. The high level of discrimination is achieved through the
combined ratios of the lever and gear mechanisms illustrated in Figure'I-B.
Amplification is well over five hundred times, and constant
is maintained through application of a leaf spring.

pointer is activated or down.
i

hand rotates in a wise direction as the

1 fA e. lft
ci

i'.

design of this instrument is such that the

FIGURE II ---2/.ll'''saiLl.(,41Sti

!For. ,
A

pressure

The dial indicator is used frequently to test the roundness and concent-
ricity features with internal and external applications. The dial indi-
cater say be furnished with a hole attachment to test internal and various
other surfaces which cannot be reached with the spindles of dial indicators
Figure II-A illustrates a dial indicator adapted in this manner. The point.
er bears on the bore of the cylindrical work piece and tests the concentri-
city of the work piece relative to the sounting fixture. The work ill sour -,
ted in a chuck or fixture, and as it revolves, the amount of runout is .

transmitted and indicated on the dial. This is a particularly useful appli.
cation for setting up machines prior to production operations. Checking
the runout of external diameters of cylindrical work pieces may also be
performed as illustrated in Figure II-B. This could be performed to check
the roundness or straightness of a milling machine arbor prior to productiol
runs. An application such as this might also be required in a final assem-
bly operation of a milling machine. A test bar would be indicated to gage
Cho various features of the tapered bore of the arbor mounting hole. 61 /
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TITLE:

UNIT:

DRILLS AND DRILLING PROCESSES

DRILLS AND DRILLING

OCCUPATION: MACHINIST

OBJECTIVE: 1. To acquaint the student with the types and
operations of drill presses.

2. To acquaint the student with drills, reamers,
counter sinks, counter bores and other tools used
in drill presses and other machine tools.

REFERENCE:

DIRECTIONS:

QUESTIONS:

Anderson - Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 4, pages 100-125.

Read the above reference and answer the following
questions.

1. What are the two most common types of drill shanks?

2. How are drill sizes denoted?

3. What is the point angle of a drill?

4. What is the clearance angle of a drill?

5. What is a drill drift?

6. What is a drill Sleeve?

7. How is the speed of a drill calculated?

8. What type of material is used to make drills?

9. How much material is left for reaming?

10. What are the two reasons for reaming a hole?

11. List and give the use of the different types of
reamers.

12. Desc.ribe the operation of countersinking.

13. Describe the operation of counterboring.

14. What is spot facing?

15. What type of taper is used on taper shanked drills
and reamers?

62



16. How is the size of a drill press' determined?

17. List and describe the features of a radial
drill press.

18. What are the principal parts of a drill press?

19. What type of chuck is used on most bench drill
presses?

20. Why are the points of all drills not ground the
same?

.
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TITLE:

UNIT:

OCCUPATION:

OBJECTIVES:

REFERENCES:

DIRECTIONS:

QUESTIONS:

TRqICIrtrIr7 SInFri

CUTTING TOOLS

SINGLE POINT CUTTING TOOLS

MACHINST

1. To acquant the student with the types of
tools usedon lathe and shapers.

2. To acquaint the student with the proper
cutting and clearance angles of lathe and shaper
tools.

Anderson - Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 5, pages 126-134

Read the above reference and answer the following
questions.

1. What type of material is used for lathe and shaper
tools?

2. What is the front clearance angle of a lathe tool
for cutting steel?

3. What is the side clearance angle of a lathe tool
for cutting steel?

4. What is the top rake angle of a lathe tool for
cutting steel?

5. What is the side rake angle for a lathe tool for
cutting-steel?

6. How is a lathe tool mounted in relation to the work?

7. What are the advantages of a carbide - tippeetool?

9. Why should a tool be honed after it is ground?

9. How much front clearance should be on a boring tool?

10. How much front clearance should a shaper tool have?
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SINGLE PONT FORNING TOOL

SECTION X-'X

4......

SIDE CLEARAVCE

x

X TOP VIEW

!ANGLE OF TOOLNOLDER1

----> <---
EARANCE FRONT C LEMAN%

SIDE VIPAI
FRONT VIEW

Rier4T -HAND. 60° THREADNG TOOL
.tt..25 ..4..-v
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SINGLE POINT CUTTING TOOLS
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TOOL BIT NOMENCLATURE'
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GRINDING A TOOL BIT

_STEP -1.
.. . .

:, ...* ..

. :.

STEP 4

SIDE BELIEF AND
SIDE-COTT3NG ECGE

STEP 3

ROUNDING OFF THE
NOSE

DOTE: RELIEF ANGLE BEING THE SAME
AS A CLEARANCE ANGLE

'?
r. rj

STEP 2

END-RELIEF ANGLE

OPPOSITE
SIDEARELIEF
ANGLE

STEP 5



FUNCTION OF THE END

CUTTING EDGE ANGLE
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411 41.1210
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WITH NO END CUTTING EDGE
ANGLE THE TOOL WILL CHATTER
AND VIBRATE.
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TITLE:

UNIT:

OCCUPATION:

OBJECTIVE:

REFERENCE:

DIRECTIONS:

QUESTIONS:

LATHES AND LATHE OPERATIONS

LATHE WORK

MACHINIST

To familiarize the student with lathes and lathe
operations.

Anderson - Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. 6, pages 135-182.

Read the above reference and answer the following
questions.

4,0

1. Explain the function of the following parts of a lathe:
(A) Bed
(B) Headstock
(c) Tailstock
(D) Carriage
(E) Feed mechanism
(F) Thread-cutting mechanism

2. How is feed expressed on a lathe?

3. How is the size of a lathe determined?

4. How is cutting speed expressed on a lathe?

5. Name the moat commonly used lathe chucks and give
the use of each.

6. What are collets and how are they used?

7. What attachments and accessories are used to turn
work between centers?

8. What angle is cut on the end of lathe centers?

9. What is a mandrel?

10. What are the three methods of turning tapers?

11. What are the advantages of using the taper attachment?

12. What is the operation of knurling?

13. What is the procedure .for machining a tapered shank?

14. List and explain the use of the most common lathe
attachments.

15. What is a good procedure for facing?
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TITLE:

MOrvi.77" S117"

TO FIND THE RPM AND CUTTING SPEED OF A LATHE

UNIT: LATHE WORK

OCCUPATION:

OBJECTIVE:

MACHINIST

To give the student practice in solving problems
used in calculating the cutting speed or the R.P.M.'s
of a lathe.

REFERENCE: (1) Anderson - Vitro: 'gat Theory. New York:
McGraw-Hill Book Co., Inc.
(2) Axelrod Aaron, Machine Shop Mathematics:
New York: McGraw - Hill iwok Co., Inc;

DIRECTIONS: Read the above references, study the following
examples and work the problems below.

Cutting speed is the rate expressed in feet per minute (FPM)
at'which a point on the circumference of the work passes the
tool bit. To determine the cutting speed (CS), in surface
feet per minute (FPM), all that is needed is the diameter (D)
and the revolutions per minute (RPM) of the work piece.

Revolutions per minute must be determined to get the correct
cutting speed for the material being machined. The revolutions
per minute (RPM) may be determined when the cutting speed (CS)
and the diameter (D) are known.

Examples: Find the cutting speed of a 3/4" diameter piece of
steel revolving at 240 revolutions per minute.

Solution: CS=DXRPM=3/4x240=45FPM-4"-- -4-
Find the revolutions per minute of a 2" diameter steel shaft when
the cutting speed is 80' per minute

Solution: RPM=4xes=4x80=160 RPM
D

PROBLEMS:

1. A piece 21/2" in diameter is being turned in a lathe.
Find the cutting speed if the work is revolving
at 560 revolutions per minute.

2. A piece of 1" cold-rolled steel is being turned
at 158 revolutions per minute. Find the cutting speed.

3. How many revolutions per minute should a piece of
steel 3" in diameter make in order that the lathe
tool will cut at the rate of 60' per minute?
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4. How fast should a piece of, 21/2" diameter brass
rotate in order that the tool may have a cutting
speed of 140' per minute?

5. A piece of tool steel that measures lie in diameter
is to be made into a punch. HOW fast should the
work rotate in order that the tool will cut at
the rate of 35' per minute?

6. A safe cutting speed for lathe tools nade of
carbon steel is 30' per minute. Find the
revolutions per minute required in order that the'
lathe tool may have a cutting speed of 30' per
minute while cutting a piece of stock 41/2" in
diameter of mild steel.

7. A lathe hand is required to make a numbeni? of

steel taper pins out of 5/8" diaMeter stock. How
fast should the work revolve in order that the
cutting speed may be 55' per minute?

8. A piece rate worker has a.job of boring brais
bushings whose inside diameter is 1 5/8". How
fast should he run the lekthe so that the cutting
speed. of his tool will be 95' per minute.

9. .A piece of 7/8" diameter steel stock is being
revolved at 120 revolutions per minute. Find the
cutting speed.

10. A forging for a crankpin measures 640 in diameter
in the rough is to be machined. The cutting speed
should not be more than 45' per minute in order
that the tool may "stand up" a reasonable length
of time. How fast can the machinist drive his
lathe on this job.
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TITLE: MACHINE TAPERS

UNITE: TAPERS

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with the standard types'
of machine tapers.

REPEAENCE:. Anderson - Tatro. Shop Theory. New York:
McGraw-Hill Hook Co. , Inc. Chapter 8, pages 200=269.

DIRECTIONS: Read the above reference and answer the following
queitions:

QUESTIONS:

1. What is meant by a self holding taper?

2. What type taper is used on taper shanked drills?

3. What is the taper per foot of standard taper pins?

4. Where is the Brown and Sharpe taper used most oftehi

5. What type of taper is used on most new model
milling machines?

6. What is the taper per foot oftbe BroWn and
Sharpe taper?

1. What is the taper per foot of the Jarno tape'?

8. How is the size of Morse tapers denoted?

9. How is the fit of a taper checked?

.10: What is the purpose of the tang on a taper shanked drill?



TITLE: TAPER PROBLEMS

UNIT: TAPERS

OCCUPATION: MACHINIST

OBJEC TIVE:

REF&BENON:

DIRECTIONS:

PROBLEMS:

ASSIGNMENT SHEET

To give the student practice in solving taper
problems.

1. Axelrod, Aaron. Machine o Mathematics.
New York. McGraw-Hillno.

2. INFORMATION SHEET-Taper Formulas.

Read the above references and using the
information sheet as a guide work the following;
problems.

1. Find the taper per inch and the taper per
toot of the piece shown below.

%4k1i

I4 .41,6 A. .

2. tapered reamer is .625" in diamoier
at the large end and .600" at the Small,end.
The over all length of the reamer la 71"
and the port that is tapered is 5" long.
Find the taper per inch and the tapet per toot.

3. Find the taper vr foot of the piece
shown below.

I ,gf

1.114.-

4 Find the lengh of taper of the piece
shown below.

TPF



ASSIGNM2NT SHEET

TITLE: TYPES OF SCREW THREADS

UNIT:, SCREW THREADS

OCCUPATION: MACHINIST

OBJECTIVE: To familiarize the student with the different
types of screw threads, their uses and how
they are made.

DIRECTIONS: Read the above reference, and answer thefbllowing
questions.

. QUESTIONS:

1. What are the common uses of screw threads?

2. How are thread dimensions specified on a
blueprint?

3. How are threads c hecked for accuracy?

4. What are the three types of taps in a set?

5. What is a die stock?

6. What is a tap wrench?

7. How do pipe threads differ from other type
threads?

8. What is the difference in the two forms of
the American National screw thread form?

9. How are most commerical threads produced?

10. What class thread would you find An a
machine shop?

TENNIS DEFINE:

1. Screw thread

2. Pitch Dia

3. Pitch

4. Lead

5. nrest
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6. Thread angle

7. Left hand thread,

8. Pit
9. Tolerance

10. Allowance

tin
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60° "V" THREAD

.41130141 NATIONAL OR NATIONAL FORM THREAD
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THREAD FITS

FIT NUMBER

NUMBER 1 LOOSE (SPIN)

NUMBER 2 MEDI UM (GENERAL USE)

NUMBER 3 TIGHT

NUMBER 4 WRENCH

NUMBER 5 SWEAT (HEAT)

4.

121

4



NUMBER OF T. P. I

I

$

ft

,,

FLAT

THREAD FORM PROFILE

,

THE PITCH GAGE
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PITCH

PITCH: DISTANCE FROM TOP OF A THREAD TO THE TOP OF THE NEXT
THREAD

PITCH: 1

NUMBER OF THREADS PER .INCH

EX AMPLE - 1"-137141. C.

PITCH all "ril

mrr- -lit*.
AAMAA

PITCH --g----1..

DECIMAL.EQUIVALENT OF PIT

.125
811. goo

20
16

40
40

3.21
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11/41.

AMERICAN NATIONAL THREAD FORM

PITCH P NUMBER OF THDS. PER INCH

DEPTH Da .64952 x PITCH

RAT F - .125 x PITCH

FIAT F 8
ANGLE 60 DEGREES

/ff

LENGTH L. a PITCH x .75 ts

LENGTH L=PITCH X 71.13 la

125



FORAIII LA TO Fr/1/ D

PITCH --- FL117-". SINGLE DEPTH e%-
DOUBLE .1WPTI/ AND AIYULA R DEPTH

1. f? ?zrcH E. A.-1,0.17

F Ea. FLAT Fa .125 X P.

3.1) E. DE-Pni OF MREAD Ca ME,

T. D. D. Eq DouskE tprihi OP TwirAo Fg 2 Z D.

5. A. D. EQ ANQUiaitt DEPTH ffet. SECANT
OF 14/v61.0 y D.

6. R Net) 1..F1 ft 1ZP7-11 P0A. 2? ° ALSO
N

30° = 2.51)
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FORMULA FOR OUTSIDE DIAMETER OF A NUMBER

SIZE SCREW

NUMBER x .013 + .060 = OUTSIDE DIAMETER

EXAMPLE A - NUMBER 10-32 N. F.

.1

NI
......

EXAMPLE B - NUMBER 8-40 N. F.

-_,

1211

.013 (CONSTANT)
.... ..

x 10 NUMBER SIZE
.130

+.060 (CONSTANT)
.190 0. D. of A Number 10

Screw

.013
x 8 NUMBER SIZE

. 104

+.060
. 164 0.D. of A Number 8

Screw

0

.
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SHOP MATH

CALCULATION Of ACME THREAD FORM

THE.ACME THREAD AC GENERALLY USED TO,ITRANSM17
... POWER AND Iffonom ANZ) LvfireRS FROM 'THE coevg4w-

T/OAOL V THREAD IN THAT IT HAS AR INCLUDED-THREAD
AN620. OF 29'COA7OARZO TO THE V THREAD 60'4 HOZ E.
TNI.!LL.0.17RATION "Mow SNOWS DIFFERENCES /A/THREAD
FORM OFANERICAN NAT/ONAZ AND ACME THREADS.
CAW;

P 71
r. CRE.Yr.

ITC ...........T-z.. -1217:* OtPTH-t. ,
. . . . .

. °. . i : ..

i
1

AM. NAT'L V Ttfro-. :0

.

--4 1*-ROOT

ACME THD.

i

0=mr, .
...: PORAIUZAS FOR ACME THRE/Ip PRON_E#1.7-

;PITCH: I worm OF CREST: 0.3707 X PITCH'----- NOrmAtivAim. INIOTH Of 1100Tw 0.5707 AP/MN-Aeon.
-Darn/re 271-1- #.0/0"

:.

;ROBLIN: Collet/LATE THE PIrcil, DEPTH, ma rii Of CR057; A110 A/4W/.
. ir ROOT OR 8 THREADS Plit /NCH ACMES THREAD FORM.

-PITCH: lies dal ti"
DEeTlls 0.42$402*D.062f to.oio** o. 072 f"
'WIDTH OP CR ES r c0.57074 0.129g 0.0463m
WINN or Rom° +I 0470740./2f -o.00sear 0.04//el

.

II

. . . .

. .
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ARRANGEMENT .OF THREAD CHASING DIS.H

".. , ,

e).'

4.

: ,":%. .-: - - .-- r- ': &re t:::PIte.;;*Zif.04.

a

CLOSING HALF NUT

EVEN :IMAM ANY LIM

ODOINREADS ANY NUMBERED LINE:

HALF mops ANY 000 NUMBERED LINE:

*Aril THREADS' SAM LIB
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ASSIGNMENT SHEET

TITLE: SCREW THREAD PROBLEMS

SCREW THREADS

OCCUPTION: MACHINIST

OBJECTIVE: To give the student practice in solving 'orbit;
thread prOblemo.

REFERENCE: 1. Akelrod, AroP, Machine Shop.Mithelitici.
New Yoark: McGrew-Hill gook Co.,

. . 2., Information Sheet. Screwthread,FOridlii

DIRECTIONS: Read the above referencbas and using the
Information Sheet as a guide work the folloWing
problems.

PROBLEMS: 1.. Find the stngle depth of the following
screw threads.

a. 1-20-NF

b. ;-28-NF

c. 1-20-NC

d. 5/8-11-NC

es. 3/4-10-NC

2 . Find the double dapth of the tolloWing
screw threads.

1 -20 -NC

b. 10 -32 -NF

o. 5/16-18-NC

d. 3/4 -16 -NF

e. 7/8.9-NC

3. What would be the width of the crest of
the following screw threads?

a. 1-2040

b. / -20 -NF

c. 3/8-16-NC

d. 3 /4 -10 -NC

e. 1-8-NC



4. What is the pitch of the following screw
threads?

a. *-28-NF

b. 3/8-24-NC

c. 1-20-NP

d. 5/8-11-P;

e. 3/4-10-NC

5. . What would be the tap drill size for the
followin::; screw threads?

a. 1-20-NC

b. 3/8-16-NC

c; i-20-NF

d. g-13-NC

e. 5/8-18-NF

C

3.37

.50



TITLE: MILLING MACHINES AND MILLING

UNIT: MILLING MACHINE AND MILLING

OCCUPATION: MACHINEST

APSIGNEMTN SHEET

BEST CCP. r;fillABLE

OBJECTIVE: To familiarize the student with the types of
milling machines and milling operations.

REFEREIMR: Anderson-Tatro. Shop Theou. New York: Mc-Graw
Hill Book Co., Inc. Chapter 10, pages 234-278.

DIRECTIONS: Read the above reference and answer the following
questions.

QUESTIONS:

1. What are the principal parts of a milling machine
and what is the function of each?

2. How does a universal differ from a plain
milling machine?

3. What are the three general types of milling
machines?

4. How is feed expressed on a milling machine?

5. What are the feed movements on a knee and
column milling machine?

6. What are the advantages of a vertical milling
machine?

7. How is the speed expresslad on a milling machine?

8. How is the size of a milling machine determined?

9. What is the function of the following milling
machine attachments?

(A) Rotary table
(B) Rack Milling
(0) Arbor
(D) Slotting
(B) Index head
(F) Adaptor

131
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10. List and give the use of six types of
milling cutters.

11. Explain hów cutters are mountbd on milling
machines.

12. List and explain the ways of mounting work
on a millingmachine.

13. What is up and down milling?

14. Explain the difference between plain and
rapid indexing.

15. How do you distinguish between a right land
and a left hand end mill?

1 ln



1 or 2

CINCINNATI UNIVERSAL MILLING MACHINE

COLUMN AND KNEE TYPE

NOMENCLATURE

22



. CINCINNATI UNIVERSAL MILLING MACHINE

COLUMN AND. KNEE TYPE

NOMENCIATIRB

1. FEEDS DRIVE SHAFT

2. LONGITUDINAL HAND FEED MIR

5. BASE

4. COLUMN

5. SPINDLE REVERSING LEVER

6. LOWER SPEED CHANGE LEVER

PG UPPER SPEED CHANGE !EVER

8. STARTING LEVER

9. SPINDI8 No. 50 TAPER Inside

10. OVERARM

11. ARBOR SUPPORT

12, TABLE

1.5, SADDLE

14* TABLE FEED REVERSING LEVER

15. TRANSVERSE HAND WHEEL

16. RAPID TRAVERSE

17, VERTICAL HAND FEED LEVER

1E1* KNEE

19. FEED CHANGE LEVERS

20, COOLANT mu TO BASE

21, ELEVATING KNEE SCREW

92, FEEDS REVERSING LEVER

Mot 2

.
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:D.

.T CONTROL

I_ REVERSE LEVER

3ROMETER STOP

7RET

LL

NDLE

;ITIVE STOP

ilLOCK

I'LOCK

SHAPING
ATTACHMENT

RISER BLOCK
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DRAW BAR KNOB

REVERSING SWI T

SPINDLE BRAKE
AND LOCK.

BELT SHIFTING
AND TENSION CONTROL

SERIAL NUMBER

QUILL FEED SELECTOR

HI GHLOW SPEED

CLUTCH CONTROL

BACK-GEAR CONTROL

gz/POWER
FEED

TRANSMISSION
ENGAGEMENT CRANK

MANUAL FEED-

FEED REVERSING
KNOB

FEED CONTRO

LEVER.

HARD CHROME

PLATED QUILL
5" TRAVEL

HARDENED AND GROUN

SPINDLE

. i

;110 //Z..

se

QUILL FEED HANDLE

QUILL STOP

MICROMETER ADJUSTING .

NUT

QUILL LOCK

INDICATOR MOUNTING ROD - .



SIDE MILLING CUTTER

-SIDE MILLING IS THE MACHINING OF A VERTICAL SURFACE ON THE

SIDE' OF THE WORK WITH A SIDE-MILLING CUTTER.
. .

SIDE MILLING CUTTERS HAVE TEETH ON BOTH SIDES AND THEIR

PERIPHERY.

..CAN BE OBTAINED IN WIDTHS TO 1" WITH STRAIGHT OR HELICAL

TEETH.

USED FREQUENTLY FOR MILLING SLOTS, BUT CAN, ALSO. B8 USED

FOR STRADDLE MILLS BY GANGING.

/I
IAA



#2

PLAIN SCREW SLOTTING CUTTER

4.

SLOTTING IS THE CUTTING OF GROOVES WHICH HAVE VERTICAL SIDES

IN EITHER FLAT OR CYLINDRICAL WORK BY MEANS OP THE APPROPAIATE

CUTTER.

PLAIN SCREW SLOTTING CUTTERS HAVE FIN! PITCHED TEETWON THE

PERIPHERY AND HAVE THE SIDES DISHED. TO PROVIDE CLEARANCE.

USED FOR SLOTTING SCREW HEADS, SLITTING TUBING, THIN SHRI

METAL, AND OTHER SHALLOW OPERATIONS.

':1141.0R+

15



STAGGERED TOOTH SIDE MILLING CUTTER

STAGGERED TOOTH SIDE MILLING CUTTERS ARE DESIGNED ESPECIALLT

PORDEEP SLOTTING, KEYWAYS AND HEAVY DUTY MILLING.

',,'THEY ARE MADE WITH ALTERNATE SIDE TEETH, WHICH HAVE ALTER-

NATE RIGHT AND LEFT HAND HELIX. IT HAS A SHEARING ACTION,'WHICA

IS DESIRABLE FOR GOOD CUTTING AND FINISHES. REQUIRES LESS POWER

.DUE TO SHEARING ACTION OP TSE HELIX ON THE TEETH..
.

el
.1 . 1,

e

1M+

O



.14

SIDE TOOTH METAL SLITTING SAW'

SLITTING IS ras OPERATION PIRPORIOD inittitHE CUTTING OP A

GROOVE INTO THE WORK CR CUTTING OFF AS IN A PARTING OPERATION.

THE SIDE TEETH-GIVE GREATER CHIP CLEARANCE AND A WIDER

SPACING OP THE TOOTH. IT IS RELEIVED TOWARD THE CENTER TO ALLOW

FOR CLEARANCE.

USED PROM NORMAL 1s3 DEEP SLOTTING AND CUTTING OFF

OPERATIONS.

7:et.

. a" 147.
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J5

"

HALF SIDE WILING CUTTER

i
..

.

HALE SIDS MILLING CUTTERS HAVE TEETH ON ONE SIDE ANTo TEN

PERIPHERY.

MADE KM LEFT AND RIGHT NMI) REL!CAL ;TEETH.

USED PRINCIPALLY TO STRADDLE MILL WHERE YOU NEED A SHOUIIiER

AND A FLAT IN ON OPERATION. THEY CAN BE USED SINGLET UR GANGED

IN PA/RS. EXCELLENT FOR HEAVY CUTS AND WHERE CLOSE TOLERANCES

. ARE NEEDED BETWEEN SHOULDERS.

ot.g
.' '' . I

.141
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t

CORNER ROUNDING CUTTER

COMER ROUNDING CUTTERS ARE USED TO PRODUCE COEFFE SURFACES

OP MACULAR. CONTOUR EQUAL TO A QUARTER CIRCLE OP LESS.

THEY ARE ONE OP THE MANY FORM CUTTERS AVAILABLE, MX AS

CONVEX, CONCAVE, FLUTING, AND DOUBLE ANGLE EAD/US. CUTTERS FOR

mania THE MANY DIFFERENT FORMS..

CAN BE USED SINGLET OR GANGED; WHIP PORN CAN BE RETAINED,

BECAUSE MT ARE MIN WAIVED AND ARS SHARPENED ON THAR,PACES.

ONLY.

I

A49

4,
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.

SINGLE ANGLE rtimi.ucckpilitits

r.

WITH THREADED HOLE

ANGULAR MILLING IS TEE MACHINING 07 SURPACES AtAN411

OTHER THAN 90° TO THE ARBOR.
.

,

. THIS CUTTER IS PURE= IN ALL ANGLES. MOST Wit

600 IS USED PRINCIPALLY KR MILLING DOVE TAILS. IT IS Mit*
WITH A TIMM END MILLING MACHINE ARBOR.

AARE MUST RE TAKEN AS 30 DIRECTION OP COT IX RHLATIOX

TO THZ THREAD, WHETHER A RIGHT HAND .OR LEFT HAND THREADED 74

ARBOR 18 USED.
, .

'ft irrJr. 150
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PLAIN MILLING CUTTER
HELICAL SLAB

1

1

PLAIN MILLING IS THE PRODUCTION OF FLAT SURFACES WITH A

PLAINAIIIING, WITH EITHER STRAIGHT OR HELICAL TEETH.

SLAB MILLING OPERATION PRODUCES A FINE FINISH WITH LITTLE

OR NO CHATTER WHEN USING A HELICAL TOOTH MILLING CUTTER: THEY

CUT ON THE PERIPHERY ONLY AND HAVE WIDTHS FROM 1/8" TO 6" WITH

PINE OR COARSE PITCH TEETH.

IT IS PRIMARILY USED 07 CUTS WHERE THE OUT IS LESS THAN THE

PACE WIDTH OP THE CUTTER.

a

15J.
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CONVENTIONAL MILLING . CLIMB. MILLING

_UTTER FEED.,

WORKPIECE4 tEED
.
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1 ,r

CUTTER FEED,

----11iX
1100TH.

_

i \ %4.

FEED
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usi no AlLAU 2 or 2.

craw BILLING OR DOWN MILLING 43* CONVENTIONAL OR UP lawn40).
4e,

Net,
CLIMB MILLING WHEN APPLICABLE RESULTS U BETTER FINISHES,

FASTER FEEDS AND LONGER CUTTER LIFE. IT IS NOT APPLICABLE TO

WORK HAVING A HARD SCALE TO CUT THROUGH AS A CAST OR SCALY

FORGED SURFACE. ABRASION WOULD QUICK RUIN THE CUTTING EDGE.

PASTER FEEDS AND BETTER FINISHES ARE POSSIBLE BECAUSE '00*.

FOMENT PARTS ARE UNDER A STEADY PRESSURE. IN CLIMB LULLING

THE TOOTH HAS A QUICK AND POSTIVE ENTRANCE INTO THE METAL,

NO RIDING OF THE PREVIOUSLY MILLED SURFACE AND HENCE LESS

RUBBING. THIS PROMOTES LONGER CUTTER LIFE. CLIMB CUTTING CAN

BE USED SUCCESSFULLY. ON ANY MACHINE IF ALL PARTS CAN BE KEPT

TIGHT TO PREVENT BACKLASH OR PULLING IN. THIS IS ABSOLUTELY'

ESSENTIAL AND CAN BE DONE ON MACHINES OP TEE OLDER TYPE IN

CAREFUL.

CONVENTIONAL CUTTING HAS A TENDENCY TO LIFT THE WORK PROM

ITS BEARING, THUS REDUCING RIGIDITY. AS THE CUTTER REVOLVES

AGAINST THE WORK IT IS FORCED AWAY BY THE FEED OP THE WORN

WHIM, IN TURN, SPRINGS THE ARBOR, THIS ACTION CONTINUES UNTIL

THE RESISTANCE OF THE ARBOR OVERCOMES THE RESISTANCE OP THE WURIC

TO COTTINO, AND THE TOOTH ENTERS THE WORE. THIS RUBBING ACTION

AND TIM HEAT GENERATED BY IT PROBABLY BREAKS THE CUTTER WM

QUICKER THAN THE ACTUAL CUTTING. CONVENTIONAL CUTTING WOULD BE

USED ON MATERIALS HAVING A HARD OR SCALY SURFACE, AS THIS IS THE

IESSER OF TWO EVILS. CLUB CUTTING IS MORE DAMAGING THAN TEE.

ABRASIVE ACTION OF CONVENTIONAL MILLING. ABARSION DUE TO SCALE

IN CONVENTIONAL MILLING IS MINIMIZED BY THE FACT THAT *THE SCALE

IS LIFTED OFF AHEAD OF THE CUTTING EDGE.



NOMENCLATURE OF FORM MILL CUTTERS

DEPTH F FORM

T 'FLUTE DEP
.1 RCLEf TOOTH F
tt: T

SIDE RELIEF

GASH- ANGLE

RADIAL RAKE
ADI AL RELIEF

FILLET

ACE WIDTH

14.

POS ITI
RAKE VI

HEEL DRAG
REMEDIED

1 9/4

. ZERO
RAKE

NEGATi VE RAKE

64=
00 rA RCULAR

CLEARANCE
DROP



MULTI PONT CUTTING 1001,,S

SITIVE RADIAL
RAKE ANGLE

TOOTH ANGLE

. 1r-CUTTING EDGE

-1-4- LAUD

/14.4--TCALWEAGITArNaPEIGTEERY

DIREC110N OF
ROTATION

CHIP SPACE
VOR FLUTE

CK OR FLANK
OF TOOTH

TOOTH BODY
TOOTH FACE

LLET

HELIX
ANGLE

TANGENT TO HELIX

PLAIN MILLING CUTTER WITH NOMENCLATURE

POSITIVE RADIAL
RAKE ANGLEHr SECTION AA

CUTTING EDGE

RELIEF ANGLE

-1)1 14-WIDTH

4
LLAND

-TAN (3E.' N

CLEARANCE ANGLE OR i44/ 14fREUEF
PRIMARY CLEARANCE ANGLE

ECONDARY
CLEARANCE

SIDE MILLING CUTTER WITH NOMENCLATURE

15n
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MULTI PONT
FORM CUTTERS

SPROCKET CUTTERS

. TAP CREAMER CUTTER

- ..

WORM .

GEAR
HOB

4

1'WIST DRILL CUTTER GEAR TO0111
CUTTER
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STAN DAR D MILLING CUTTERS

FOUR FLUTE TAPER SHANK END MILL

FOUR FLUTE STRAIGHT SHANK END MILL

TWO FLUTE TAPER SHANK _END MILL

jet*
yl 4-46

SHELL END 14114.

161

CHAVER

RADIUS
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MILLING CUTTER NOMENCLATURE,
1#01001

NEGATIVE ANGLE CUTTER R.H.

ND - -- -
PRIMARY CLEARANCE .

SECONDARY CLEARANCE

NEGATIVE

AXIAL
NEGATIVE RA

ADIAL RAKE
.. .

.

FACE RELIEF

FACE CONCAVITY
. CHAMBER-

.

CORNER ANGLE

.

POSITIVE ANGLE CUTTER R.H.

RIMARY CLEARANCE

ECONDARY CLEARANCE

POSITIVE AXIAL RA
POSITIVE RADIAL RAKE

4'4
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V .
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END MILL NOMENCLATURE

FLUTE

..,

SHELL END. MILL

RADIAL CENTER LINE

RADIAL RAKE ANGLE
(POSITIVE SHOWN)

LAND

RIGHT HAND CUT, RELIE

RIGHT- HAND SPIRAL ANGLE

END TOOTH

WEAR

6

TOOTH FACE

TOOTH
CIRCO:AR
CLEARANCE

CUITINGiDGE

RIGHT HAND LEFT HAND CUT,
. CUT, LEFT LEFT HAND

HAND SPIRAL SPIRAL

10-- us,*

., ,I- .`e ',.."..:, t.1,i,....,-,4,+,.. c:L t.,.... #1, ,,,,,,:S.,,, : 1-

LEFT HAND CUT,

RIGHT HAND SPIRAL



MILLING MACHINE SPraDS_ AND PEE13

CUTTER DIA.

CUTTfft,
ROTATION

WORK

VIG TABLE FEED

CONVENTIONAL OR UP

<=A TABLE FEED

DOWN OR CLI13

SPEED: R.P.M. OF CUTTER. ALSO DEFINED AS SURFACE PM PER MDR=

MEASURED ON THE CUTTER PERIPHERY.

. PORNIILAt R.P.M.: 4 XIS WHERE RPM REVOL'OTIONS PER sutra

4 CONSTANT USED INSTEAD OF PS Of)
S SURFACE SPRED OP CUTTER

d DIAMETER OF CUTTER

IXAMPIX: FIND THE RPM OF AN 4" dia.. CUTTER, MACHINING A WAT

TRIAL WITH A 250 tt/raln. CUTTING SPEED.

SOLUTION: RPM :: 4 X 250 a 250 RPM la 250

PEW: THE RATE AT WHICH THE WORK IS Mtn) 44clinst THE ROTA-cus

avrisa,'"USUALLY EXPRESSED IN' nickst,i

FORUM: IMP :: No. TEETH ON COPTER X di! *I
T

.

XXAVPLISt WHAT WILL BE THE PEED FOR A OUT'itiR: *24, titititAi A

CST THICKNESS OP- .003". ROTATING 24,'MPM:

SOLUTIOIlt IMP 124 X .005 X 90 = 6.480 OR 6 tie, rocitts pineighti

CAGPIONS: CUTTER I TERIAL, MATERIAL TO BE MACRINICD-. TYPE 0?

UT, AND CONDIT/ON OF .MACHINE USE OF Tito

.
.44



CORRECT AND INCORRECT METHODS OP

CLAMPING WORK TO TABLE

STEP BLOCK

CORRECT

CORRECT

INCORRECT

INCORRECT

RULE: ALWAYS RAIN CLAMP AS NEAR PARALLEL AS POSSIBLE WITH

?ABM SURFACE AND THE CLAWING BOLT AS CLOSE TO THE

WORK. AS IS PRACTICAL,

THIS MANNER MORE PRESSURE WILL BE EXERTED ON THE WORK

THAN ON THE STEP BLOCK THEREBY CREATING MORE HOLDING. ..

POUR,

OTHER CLCAPING DEVICES: V BLACKS, ANGLE PLATES, CHUCK, -

SCREW HEEL CLAMP, STRAP CLAMP, 0:00SENECK TAM), SCREW .

JACK, U.:CLAMP 3, SINGLE . FINGER CIAMP,CCLAMP, AND FIXTURES.

lr
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ASSIGNMENT SHEET

PEST COPY AVAILABLE

TITLE: TO FIN THE R.P.M. AND CUTTING SPEED OF A
MILLING MACHINE

UNIT: MILLING MACHINE

OCCUPATION: MACHINIST

OBJECTIVE: To give the student practice in solving problems
used in caculating Ole cutting speed or the
R.P.M.18 of a milling machine.

REFERENCES: 1. Anderson-Tatro Shop Theory. New York:
McGraw-Hill Book Coanc.
2. Axelrod, Aaren-Machine $11.92.liat.hematinis
New York: McGraw-Hill Bbbk Co., Incl

DIRECTIONS: Read the above references, study the following
examples and work the problems below.

Cutting speed of a milling cutter is the number
of feet traveled by a point on the revolving
cutter in one minute, or the speed in feet per
minute of a point on its outer surface. It is
the product of the circumference of the cutter
times the revolution per minute.

PROBLEMS:

Formula:

PPM = A x C5

CS = P X
4

Examples: To find the cutting speed of a 2k"
milling cutter revolving at the rate of 60 RPM

CS=DxRPM = 2i;60 = 37i ft per min.

To find what RPM is required for a 6" cItter at
80 feet per minute?

RPH = 4;CS 11)40 = 63 1/3RPM

1. Determine the proper cutting speed for a
cutter at 100 feet per minute.

16R



2. Give the RPM at which a 3" mill should run
to have a speed of 150 feet per minute.

3. A 1" end mill at 80 feet per minute calls
for a RPM of what/

4. What RPM is required for a r end mill at
100 feet per minute cutting speed?

5. Tie cutting speed of a 1" end mill outting
mild steel at 80 feet per minute should be what?

169



TITLE:

UNIT:

OCCUPATI ON:

OBJECTIVE:

REFERENCE:

SHAPES AND SHAPER OPERATIONS

SHATALWORIC__

MACHINIST

ASSINGMENT SHEET

To acquaint the student with shapers and
shaper operations.

Anderson-Tatro. Shop Theory. McGraw-Hill
Book Co., Inc. Chapter il, pages 279-301.

QUESTIONS:
1. Explain the function of the following parts

of a shaper.

a. Base
b. Frame
a. Ram
d. Tool head
e. Table

2. Haw is the ,size of a

3. How does a universal
regular shaper?

4. What table movements
shapers?

5. How is the length of
determined?

6. How is feed expressed on a shaper?

7. What is the purpose of the clapper box?

8. List five operations that can be done on
a shaper?

9. How is cutting speed expressed on a shaper?

10. Discuss the different methods of holding
materials while shaping.

shaper determined?

shaper differ from a

art. faind on vertical:

stroke or a shaper

1.7C
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DRIVE' OF A CRANK SHAPER
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AN POSITIOIrBO SHAFT RAH CLAMP

,OLAMPINO PAD

RAM POSITIONING SCREW

RAM POSITIONING CONTROLS

POSITION OF RAM IN RELATION TO LENGTH OF WORIPIRCE

1r



4141.1.%,

NORIZORTAL CUT

AEDULO CUT

e

VERTICAL CUT

L

SON COMM SHAPER OPERATIONS

MORKPIRCE

3LOITINO OPERATION
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ASSIGNMENT SHEET

TITLE: PLANER AND PLANER OPERATIONS

UNIT: PLANER WORK

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with planer and planer
operat ions.

REFERENCE: Anderson-TaL tro. Shop Thema. New York:
McGraw-Hill Book Co., Inc. ,dhapter 12.

DIRECTIONS: Read the above referencb and answer the
following questions.

1. Explain the function of the following parts
of a planer.

a. Bed
h. Table
c. Housin7.
d. Crossrail
e. Saddle
f. Toolhead
ci. cane

2. Eow is the size of a planer determined?

3. How does a double housing type planer differ
from the open sidb type planer?

4. What type of cutting tools are used on the
planer9

5. How does the planer tool head compare with
the shaper tool head?

6. How is work held on a planer?

7. What is a planer gage and how is it used?

8. What accessories are availanle for planer work?

9. How does a gong tool differ from a regular tool?

10. How is the speed and feed of a planer determined?

182



TITLE: TYPES OF GEARS

UNIT: GEARS

OCCUPATION: MACHINIST

OBP:XTIVE:

ASSIGNMENT SHEET

l'o familiarize the student with the different
types of gears,-their uses and how they are
made.

REFERENCE: Anderson-Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 13,
pages 313-328.

DIRECTIONS: Read the shove reference, answer the following
questions and define the following- terms.

QUESTIONS:

1. What is a spur gear?

2. How are spur gears used?

3. What is the pressure angle of spur gears teeth?

4. What is the purpose of a gear rack?

5. How is the chordal thickness of a gear tooth
measured?

6. How many spur gear cutters are there in a set?

7. What is a bevel gear?

8. How are bevel gears used?

9. What are miter) gears?

10. What is a helical gear?

11. What are the advantages of helical gears?

12. What are herringbone gears?

13. What is worm cTearinr?

14. Explain how and where worm gears are used.

15. Pow is the ratio of worm gear,z cilnulated?

193
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16. List the methods used to make gears.

17. What is the corrected addendum of a gear tooth?

18. What is the ratio of a plain index head?

19. Row can gears that cannot be index on a
plain index head be indexed?

20. What is defentrial indexing?

TERMS:

1. Pitch circle

2. Pitch diameter

3. Diametral pitoh

4. Circular pitch

5. Addendum

6. Dedendum

7. Clearance

8. Geartooth vernier

9. Gear sector

10. Hole

11. Pinion

12. Rack

13. Driven pear

114. Driving gear

15. Indexing

ltI4
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ASSIGNMENT SHEET

TITLE: SPUR GEAR PROBLEMS

UNIT: GEARS

OCCUPATION: MACHINIST

OBJECTIVE: To give the student practice in solving spur
gear problems.

REFERENCE: Anderson-Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 13,
pages 313-328.

QUESTIONS:

1. What is the pitch diameter of a 6 pitch
'gear with 25 teeth?

2. A gear has 36 teeth and a pitch of 6. What
is the pitch diameter.

3. How many teeth are there on a 20 pitch gear
5 inches in diameter?

4. The pitch of a gear is 24 and the diameter
of the gear blank is 6.750 inches. How
many teeth will it have when cut?

5. A 10 pitch gear has a pitch diameter of
5.750 inches. What is the O. D.?

6. What is .the clearance of a 12 pitch gear?

7. What is the addendum of a 6 pitch gear?

8. What is the dedendum of a 10 pitch gear?

9. What is the workinc, depth of a 6 pitch gear?

10. What is the whcl depth of a 6 pitch gear?

11. Find the center -o center distance of a 10
pitch 1:3 tooth getr and a 10 pitch 24 tooth
gear.

12. What is the circular pitch of a 8 pitch 24
tooth gear?

1T)



. 13. What is the linear pitch of a 8 pitch 32
tooth rack?

14. What is the pitch of a 32 tooth gear 3
inches in diameter?

15. A stripped gear had 38 teeth. As close as
could be measured, the 0. D. was 3.992
inches. Find the correct 0. D. and pitch

c for e new gear.
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ASSITIMNT SHEET

*VA..: AP'iA:-;Tv!;.; 'iv!) A"HA;IVE Plit)IYICTS

IT: Aiiii.VITV-: A.; MITNDTF
.

(ITAT11N: .:14;HINTL;T

-7::CTIV.;: ro acc)eint the student with the common types
of atra::!v,s and abrasive prodIcts.

r7w.:WNCE: Ar.derson-Tatro. Shop rheor. New York:
Mc() -aw-Pill Book 7.:.-Trtic. ,sn'er lh.

R. .0I1r. : -,,,- t, 0,0ve I. ;.ere;-e and answer the
Pnllot,...: -.1ue ins.

E:"IOUS!

1. Wt.:ft are the OSt com-..only _Ise'', natural
at,rasiv s?

2. .ghat arc the two most used manufactured
abrasives?

3. tihat atrasive is used for most, tridin.! wheels
used for lrindin steel?

4. How is the grain size of abrasives classified?

5. 'e!hat are the five types of bons used in
making rri1inr7 wheels?

6. Which tln-' is used on most ,ridin, wh'nls?

7. 141))t is ti.o structurl of a ;:rindinf, wheel?

8. What is the grade or bond?

9. On what typos of material shoull silicon
carid,! atracve3 be used?

10. On .4hat types of material should aluminum
oxide ibrasives he .1,,ed?

11. .ghat factor3 govern the ?rindin wheel
selection for a given job?

12. explain the markin., system used on grinding
wheels.

Inn



,
13. What is the difference between dressing and

truetng a grinding wheel?

14. List the abrasive products other than grinding
wheels.

15. List the rules that apply to the care and
handling of grinding wheels and other abrasive
products.
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ASSIGNMENT SHEET

TITLE: SURFACE GRINDERS AND GRINDING OPERATIONS

UNIT: ABRASIVES AND GRINDING

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with the types and use
of surface grinders.

REFERENCE: Anderson-Tatro. Shop Theorl. New York:
McGraw-Hill Book Co., Inc. Chapter 15,
pages 3147-364.

DIRECTIONS: Read the above reference and answer the
followin7 questions.

QuESTI ORS :

1. Whet is the difference between the planer and
rotary type surface grinders?

2. What wheel shapes are commonly used on
surface grinders?

3. How may wheels be checked for cracks?

ti.. What is the purpose of blotting - paper
washers on the sides of the wheel?

5. Why is it necessary to keep surface grinde;
wheels sharp and clean?

6. What is used to dress and true surface
grinding wheels?

7. How is work usually held on a surface grinder?

8. Explain the process for mounting a wheel
on 9 surface -grinder.

9. Why should one stand to one side when a
grinder is turned on after a new wheel has
been mounted?

10. What safety rules apply to the operation of
. a surface grinder?
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ASSIGNMENT SHEET

TITLE: CYLINDRICAL GRINDING AND GRINDIN3 OPERATIONS

UNIT: ABRASIVES AND GRINDING

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with the types and use
of cylindrical grinders.

REFERENCE: Anderson-Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Chapter 15,
364-386.

DIRECTION: Read the above reference and answer the
followinz questions.

QUESTIONS :

1. What is the purpose of external grinding?

2. Into what three major gro:ps are external
grinders divided?

3. What movements are important in any cylindrical
grinder?

4. What happens to the job if the grinding wheel
completely over-runs the end of the work?

5. Why is it not possible to have a set rule
for the rate of work speed?

6. How can tapering of the work be overcome?

7. How should the diamond be used to make the
wheel fast cutting?

8. How is it possible to produce taper work on the
cylindrical grinder?

9. What is meant by a universal tool grinder?

10. What kind of work can be done on the centerless
grineer?
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ASSIGNMENT SHEET

TITLE: GRINDERS FOR CUTTING TOOLS AND THREAD GRINDERS

UNIT: ABRASIVES AND GRINDING

OCCUPATION: MACEINIST

OBJECTIVE: lo acquaint the student with the types of
grinders for sharpening cutters and grinding
throads.

RT!7ERENCE: Anderson-Tatro. Shop Theor1. New York:
McGraw-Hill Book Co., Inc. Chapter 150
pages 387-399.

DIRECTIONS: Read the above reference and answer the
following questions.

QUESTIONS:

1. Explain the difference between a floor and
bench grinder.

2. The bench grinder is used for what general
type of work?

3. What type of grinding wheels are suitable
for general-purpose cutter grinding?

4. What stapes of wheels are commonly used for
cutter grinding?

5. What causes burning: or cutting* edges in
cutter grinding?

6. Name two types of tooth rest most generally
uled.

7. How are end mills generally grond?

8. List six factors to remember when sharpening
cutters.

9. Exnlain the difference between and the capacity
of the internal and external thread grinder.

10. How are thread grinding wheels dressed?

214



P
LA

IN
 W

H
E

E
L 

R
O

T
A

T
IN

G
 A

G
A

IN
S

T
C

U
T

T
IN

G
 E

D
G

E

a



C
E

N
T

R
E

 O
F

W
H

E
E

L

C
U

P
 W

W

C
E

N
T

R
E

 O
F

C
U

T
T

E
R

T
O

O
T

H
 R

E
S

T

E
L 

A
W

A
Y

 F
R

O
M

 C
U

T
T

IN
G

 E
D

G
E



C
E

N
T

R
E

O
F

 W
H

E
E

L 
'1

"-
-

,_

T
O

O
T

H
 R

E
S

T
--

-
C

E
N

T
R

E
 O

F
 C

U
T

T
E

R

P
LA

IN
 W

H
E

E
L 

A
W

A
Y

 F
R

O
M

 C
U

T
T

IN
G

 E
D

G
E



.

BEST CO4 AWARE

SHARPENING OF ALTERNATE TOOTlikMILLING

.

CUTTERS

ft

7

44

I:
4.

.41

I .

.

a

218it y lierer 41111. 7.:



I

ASSIGNMERI` SHEET

HEAT-TRF.ATMENT OF STr2.19

UNIT: HEAT-TRDATING

OCCUPATION: MACHMIST

OBJECTIVE: 'lb acquaint the student with the heat-
treating processes used on various types
of steel.

REFENENCE: Anderson-Tatra . Sh2p Theory: New Ybrk:
licrtaw-All Book Co., Inc. Chapter 16,
pages 400-420.

QUESTIONS:

1. What is steel?

2. What are three grades of carbon steel?

3. How much carbon must he present in steel
before it can be hardened noticeably?

4. What are alloy steels?

5. What are the most common methods used to
determine the hardness of steel?

6. How is the temperature of a head treat
furnace controlled?

7. What is the SAF system of classifying steeel?

A. Explain haw a piece of high carbon steel
is hardened?

9. Why is tool steel drawn or tempered after it is
hardened?

10. Haw lonq should a piece of steel be left in a
heat treat furnace?

TOWS 1:0'BIE:
1. Alloy 6. Temper

2. Straight carbon steel 7. Anneal

3. EMaeried

4. Critical Temperature

5. Draw

219



8. Quened

9. Case harden

10. Carburizing

11. Normalize

12. Stress relieve

13. Cyaniding

14. Flame hardening

15. High speed steel
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ASSIGNMENT SHEET

TITLE: SURFACE FINISHES AND MEASUREMENT

UNIT: SURFACE FINISH

OCCUPATION: MACHINIST

OBJECTIVE: To acquaint the student with surface finishes
and their concern to the machinist.

REFERENCE: Anderson-Tatro. Shop Theorem. New York
McGraw Hill Book Co., Inc. Chapter 17 pages
421-432.

DIRECTIONS: Read the above reference and answer the
following questions.

QUESTIONS:

1. What is meant by surface finish?

2. What factors contribute to the quality of
a surface finish?

3. How is the degree of surface roughness
measured?

4. Why are jobs checked for the quality of
surface finish during production.

5. How are the characteristics of a surface
specified on a machine drawing.

6. Name the simplest way of judging the roughness
of a surface.

7. What instruments may be used to check the
surface finish?

8. What- is a microinch?

9. How are the characteristics of:la surface
specified on a machine drawing?

10. What causes the irregularities in the surface
of a machined job?

221



W
A

V
IN

E
S

S
W

A
V

IN
E

S
S

W
ID

T
H

LA
Y

S
Y

M
B

O
LS

I
H

E
IG

H
T

R
O

U
G

H
N

E
S

S
R

O
U

G
H

N
E

S
S

 °
.0

02
- 

1-
5

W
ID

T
H

 C
U

T
O

F
F

P
A

R
A

LL
E

L.
H

E
IG

H
T
\

0.
01

0
R

O
U

G
H

N
E

S
S

1_
32

0.
00

6
P

E
R

P
E

N
D

IC
U

LA
R

W
ID

T
H

P
E

R
P

E
N

D
IC

U
LA

R
x

F
LA

W
W

A
V

IN
E

S
S

H
E

IG
H

T

f

LA
Y

LA
Y

 D
IR

E
C

T
IO

N

..;
,.
.°

-I
i

R
A

D
IA

L
R

O
U

G
H

N
E

S
W

A
V

IN
E

S
S

R
O

U
G

H
N

E
S

S
M

W
ID

T
H

'
W

ID
T

H
W

ID
T

H
M

U
LT

I-
R

O
U

G
H

N
E

S
S

H
E

IG
H

T
C

U
T

O
F

F
D

IR
E

C
T

IO
N

A
L

S
U

R
F

A
C

E
F

IN
IS

H
S

Y
M

B
O

LS

A
N

G
U

LA
R

C
C

IR
C

U
LA

R



M
A

C
H

IN
E

 F
IN

IS
H

E
S

C
U

T
T

IN
G

 T
O

R
C

H
, C

H
IP

 &
 S

A
W

H
A

N
D

 G
R

IN
D

D
IS

C
 G

R
IN

D
 O

R
 F

IL
E

LA
T

H
E

, S
H

A
P

E
R

 O
R

 M
IL

L
B

O
R

E
D

R
IL

L
R

E
A

M
S

U
R

F
A

C
E

 G
R

IN
D

C
Y

LI
N

D
R

IC
A

L 
G

R
IN

D
H

O
N

E
 O

R
 L

A
P

P
O

LI
S

H
 O

R
 B

U
F

F
S

U
P

E
R

F
IN

IS
H

R
O

U
G

H
N

E
S

S
 IN

 M
IC

R
O

IN
C

H
E

S
10

00
 5

00
25

0
12

5
63

32
16

8
4

N
A

T
U

R
A

L 
F

IN
IS

H
E

S
S

A
N

D
C

A
S

T
IN

G
S

F
O

R
G

IN
G

S
P

E
R

M
A

N
E

N
T

 M
O

LD
 C

A
S

T
IN

G
S

R
O

LL
E

D
 S

U
R

F
A

C
E

S
D

IE
 C

A
S

T
IN

G
S

E
X

T
R

U
S

IO
N

S

P
R

O
T

E
C

T
IV

E
 F

IN
IS

H
E

S
P

H
O

S
P

H
A

T
E

 C
O

A
T

IN
G

S
rim

se
im

m
ui

O
X

ID
E

 B
LA

C
K

 C
O

A
T

IN
G

S
; S

U
R

F
A

C
E

U
P

O
N

 W
H

IC
H

 A
P

P
LI

E
D

 D
O

E
S

 N
O

T
 C

H
A

N
G

E
P

LA
T

IN
G

: R
O

U
G

H
N

E
S

S
 IN

C
R

E
A

S
E

S
 W

IT
H

 T
H

IC
K

N
E

S
S

S
U

R
F

A
C

E
 F

IN
IS

H
E

S



ASSIGNMENT SHEET

TITLE: POWER SAWS AND SAWING

UNIT: BAND MACHINING

OCCUPATION: MACHINIST

OBJECTIVE: To familarize the student with the types and
use of power saws.

REFERENCE: Anderson-Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc. Jhapter 18,
Pages 433-459.

DIRECTIONS: Read the above reference and answer the
following questions. _

QUESTIONS:

1. How many types of band saws are in use?

2. Why is the horizontal bend saw more efficient
than the reciprocating power saw?

3. How is work held in a power hacksaw?

4. What are the advantages of a band type power
hacksaw?

5. How is the cutting speed of a band saw expressed?

6. Why are proper cuttin- speeds important
when using a metal-cutting band saw?

7. Why must a weld in a band saw blade be
annealed?

8. what is friction sawirw.?

9. What determines the pitch blade to use?

10. Whot changes are necessary to convert the
Winj machine into a filing machine?
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BEST COPY AVAILABLE
3. WIDTH

ALWAYS USE WIDEST BLADE:

(A) AVAILABLE IN DESIRED PITCH

(B) THAT WILL CUT THE SMALLEST RADIUS REQUIRED

(C) THAT THE MACHINE WILL HANDLE

. OMR

ALWAYS USE STANDARD GAGE EXCEPT WHEN INCREASED WORK TEl DECREASES

Accumar LEM WIDTH CABOT BE INCREASED TO OBTAIN SUFFICIENT MUGU.

EXAM= FOR HEAVY GAGE APPLICATIONS:

(A) WHEN RADIUS CUTTING IN THICK MATERIALS

(B) WHIN MAXIMUM WIDTH USUABLE ON MACHINE PROVIDES INSUFFICIENT

BEAM STRENGTH

GAGE

CLEARANCE

pme IS TES THICKNESS OF THE BAND. SET IS TEX AMOUIT THE TUTS ARS
.

OFFSET AID PROVIDES A KEW WIDE ZNOUGH TO GIVE CLAMS= TO TO

BARD BACK OF TEE TEETH.



BEST COPY AVAILABLE

THE FIVE CHARACTERISTICS T!'AT MUoT 3E coNsTnEam EACH TIME THE

MACHINIST MUST SELECT A BLADE ARE:

4.
1. TOOTH FORM

(A) FOR FINER THAN 6 PITCH, FRECfSIOU OR =MAR IS THE ONLY

CHOICE.

(a) FOR 6 PITCH An COARS1R, cIAL4 'USUALLY GIVES THE BEST

TOOL LIFE An FASTEST CUTTIN3 RAM

(C) POI BAST FINISH, ',memo,' OR BUTTRESS ARE USUALLY PREM.

ED.

so PITCH SELECT BEST PITCH PROM SAWING RECCWIDATIONS TABLE. IF

?NIS FITCH IS NOT AVAILABLE IN DESIRED WIDTH:

(A) TEICH MATERIALS, CHOOSE =NEAREST PITCH..

(U) TON MATERIALS, REDUCE WIDTH UNTIL PITCH IS FOUND.

(C) HAVE AT LEAST TWO TEETH IN WORK AT ALL TIMES. TEN ARE PRE»

PARABLE FOR HAND FEEDING, 20 FOR POWER FEEDING.

PITCH 13 THE NOMBErl rq? TKhTli YEE( INCH



5. sin ?Armful

(A) POR WORK

(3) WHIN oft
vsx WA VI

ALWAYS USE RAKER SET EXCEPT:

OF VARYING THICKNESS

BAND MUST BB

SIT

USiD POR A RANGE OP MATXRIAL SIZAS

BEST COPY AVAILABLE

mas: raw STRAWS'? SST. IS NOT COMNONLY MD IS hIPPALWORKIXO

811? atitAxoar aft RAINS BX?



THE EFFECTS OF TOO MUCH FEEDING PRLSSURE OR OF THE B
EgOPY AV AILABLEUJ

ING SUPTICIEN BEAM STRENGTH FOR 'THE JOB.

VP

THE CUT WILL NOT BE STRAIGHT NORIT eiCkliT ANGLES. THE DEFLECTION

SES THE BLADE TO HAVE A TENDENCY TO BUCKLE AND TO "HILLY" THE,

'DISCI, WORD* AN OUT OF SQUARE CONDITION.

2210EDY: INCREASE WIDTH, GAGE, AND /OR DECREASE FEED.

UPPER GUIDE POST

WORK

TABLE

E
\..

nn

LOWER GUIDE POST



BEST COPY &If 1; 111

THZ TWO HOST COMMON HISTAXXS

IN MAKING THX WILD

,..

BIAD XOT MO YID EXAD OVOGROWID

F10111 BACK OP BLUM DIFAMICD AJD 1IXAMIXD

, 0% 1

........1

..



BEST COPY AVAILABLE

AN EXAMPLE OF DRILLING HOLES 74 SCRAP PORTION TO FACILITATE THE

SAWING OF INTERNAL CONTOURS.

MO DRILLING OF HOLES ARE ALSO USZ.D FOR EXTERNAL SAWING WHENEVER

SHARP COMERS ARE NOT NEAR VIE PERIMETERS. WORM SHARP CORNERS

ARE NUR PERIMETERS, SLOTTING, OR SIMPLY SAWING A KEW TO CORNERS,

IS MORI OFT= USED TO KEEP FROM BACKING SAW OUT OF CUT.

DE111,

111



BEST CON PARABLE

SOMMARIZATION OF PRRTIUNT FACTORS TEAT MUST ER 0ORSIDISO2

$ ILECTION OF BLADES.

010111411111.611

1. MAW CIARACTRAISTICS TO MEET JOS RIMUIWOMPISt

(A).10012 FORMS - TEEN STANDARD FORMS

(2) MUTE r1RoK-06 TO 2 INDUS-

(C) ?ME FROM 2 To 32

CD) SUM STANDARD AS MCLL AS UM DUT!

CM - FOR ?ammo OR SLOTTING

arammemamo Oupwoeeolommiseperuir

E. ROOSOCIMMOD UAW FROM MORI PLANNING SUM OR CRAW

altOwAINIMimeimmeombermimeremmiwwftmommompmme.

3. PROMS NUAX.IN METNOD, LF UV BLADR

OPOOMIO OP" ft.*

ornormo CONDITIONS FOR LO VAS? COPT PER CU?

(A) a SPUD - IDAISTED FOR RACI 3011

(1) PRID - SELDOM POR PRODUCTIVITY

(C) COOLANT PROPERLY mum AND PROPERLY ?LAM

M4111111WOOPMWIWIDWWWW4lb.......... *ft

5. RAU MDIOVAL POINT FOR MAXIMS MEM Lin

211



///1

MI TO &MACE TENSION, PLAIN

WATER RESIBTS SPREADING

BEST COPY AVAILABLE

SPREADS OV?

ILLUSTRATIOw saoWING HOW PLAIN AID "WET" WEN DWPRR IN USE. Ts*

"ter" NAT= CONTACT% MORE AREA OP TOO?! AND NOuLFw BE MORE EFFECTIT8
AS COOLANT OR AE LUBRICANT.



BEST COPY AVAILABLE

EXAMPLE "A" SHOWS THE LONG SHEAR LINE OP METAL HAVING A HIGH

SOAR STRENGTH, WHILE EXAMPLE "B" ILLUSTRATES THE COMPARATIVELY

SHORT Llts OF A LOW SHEAR STRENGTH METAL.

NOTE DIFFERENCE BETWEEN WIDTH OF CUT AND WIDTH OF CHIP.

EXAMPLES OP TWO IDENTICAL CUTS BEING MADE ON THE SAME CUT, BUT

TEE 012 ON LEFT AFTER BUILD-UP OP METAL ON BLADE HAS CAUSED THE SHEAR

ANGLE TO INCREASE. THIS CAUSES HEAT INCREASE, A REQUIRED POWER IN..

CREASE, AND SHORTER BLADE LIFE.



.,

A TS"
STEEL NUMBERING SYSTEM

74e fiesV 6.1.11 of 29e 4 dp 5" ,c4iti Numeral ciesignaies
-Mg iype to w4 /c4 fke Oziee/ .6e)0/2.9,3-. 74as T'fridicales
a cat beA steel, '2 a nickel Vee7,"3" a 4icfrei-chromizen
3/eel. .7-he last 2 or 3 digees uSually mean carbon
Cooienzi. 7'-4 us .ee sym,602 2 530 Mecaies a ilickel
s4el of apprex, Sy nickel a?).0/ .30% carbon content.
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. Malyariese Steels (xce-/.90z) /3)(X
/Vic.#*ei 5'/eels 2xxx
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Chi-oil-3e- h,yh caYiticm. .52k)oe

CArornlain-Van addl/21 SZleek 6IXX
Sikofi-Mao57atiese Siee/i- % 92x)(

rir



20, 30 .41/4,
26, 30

Zo 30
30

0
3o

2O
30
30

Tet-72,oer/.72g eeinperature
.325°E 35-o° < 37.5-° F 400°
30,6"' 330° 3 Kr 37.5
205' 3/C)° 335° 3So°i2 4-s 290' 3 /" A._ 325

Time Hequ i red (per inch) to reach temperature
hot air ovenTempering /-?o circalatioci

Tempeivfare

circulating ove
air

250 °F
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o
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no'
00
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20
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Soaking
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RELATED
INPORMATION

-.

TITLE: Safety in the Shop

UNIT: Safety

OCCUPATION: Machinist

OBJECTIVE: To acquaint the student with the proper and
safe working habits in a machine shop.

REFERENCES: 1. Anderson-Tatro. Shop Theory. New York:
McCraw-Hill Book Co., Inc.

2. McCarthy-Smith. Machine Tool Technology.
Bloomington, Illinois: McKnight and McKnight
Publishing Co.

INTRODUCTION: Safety is aptly described as a thread which is
woven throughout the entire fabric of industrial
activity. The strength and quality of the fabric
are weakened by its absence. Success in industry
cannot he achieved by ignorinc it. As thread is
part and parcel of the cloth, as it assists in
tying in one part with the others, so safety is a
necessary component of industrial operation,
one which cannot afford to he overlooked.

INFORVATION: Safety apnlied to procedures in a school or indus-
trial shop resolves into using common sense and
good judgement. Modern machinery is eauipped with
guards and other safety devices designed to pro-
tect the operator and rake oneration of equipment
as. safe as rossible. Statistics show that, guards
and other safety devices afford only 15 percent
protection. Most accidents are a result of someone's
thoughtlessness, carelessness, lack of knowledge,
or lack of consideration for the rights of others
and ray be avoided by acquiring the habit of
thinking before doing.

FOUP POINTS FOP SAFETY

1. The right tool for the job
Examples of unsafe practices are using a
metal chisel with mushroomed end, using
files as a rry har, a wrench for a hammer,
and nliers instead of the proper wrench.

2. Tools in aood condition

1



I.

BEST COPY AVAILABLE

Irerces with cracker' or vorn jaws, screw
drivers ',ie. s.harn ooirts or broken handles,
:1.-.rrIrs. -lit) loose he,,!(M, r'ull says, and
f!xtersion cords or electric tools with
broken plues or split insulation.

3. Tools used in the right ',ray
Screwdrivers anolied to objects held in the
hand, knives Dulled tovare' the body, 4,

two hardened steel tools struck together,
and failure to ground electrical eauipment.

Tools :rcpt in safe place
-any accident have been caused by tools
falling from overhead an' by knives, screw-
0rivers, --;n0 other shar- tools carried in
roekrts or loosely lli0 it tool boxes.

nrso"r Pr''' ITI.ISArr." P-.7'CTICES

1. Lack o' skill.

2. Ins,Ifficientiv informer' o,- misunderstands.

3. T.7ot convinced of needindecision.

. Standard or desired procedure is awkward, embar-
rassing, uncomfortable, difficult worker pre-
fers nonstandard Procedure..

S. F) ?cc, light, 'Icat, arrancent, ventilaLion,
materialF, tools, eouipment, 7rocedure, wages,
coPrany policy, or methods or improper, defec-
tive, inadeguate, ineff_icient, unsafe, misadjusted,
Poorly naintaine0.

r. Physically unsuited, heariirf, sirrht, acre, sex,
heicht, weight, (Iisposition, weak, fatigued,
ill, nervous, eyeitable, nllernic, or slow
reaction.

7. Personal characteristics and attitudes--reckless,
bad habits, willfully disobedient, lazy, dislo-
yal, uncooperative, fearful, over-sensitive,
jealous, imnatient, overambitious, absent-minded,
excitable, the 'other fellow' concept (worker
beleives himself exempt), inconsiderate or into-
lerant.

Safety is orincipal)N, a matter of striving earnestly
to learn dn(' follow 7;1470 Practices and procedures
at all tires.



PFLATEP
IlF(r.?!ATION

IIITLr: Finishing

UNIT: Benchwork

OCCUPATIOr: Machinist

OBJECTIVE: To acauaint the student with the need and know
how to file and polish at the bench.

REFERENCE: 1. Nicholson File Co. File Filosophy.

2. Anderstn-Tatro. Shop_Theory. New York:
McGraw-Hill Book Co.

INTRODUCTION: All machined parts require some bench operation
for finishing. These operations may he limited
to removing burrs from machinery operations or
filling chamfers and polishing.

INFORMATION: The finishing operation may involve filing, polish-
ing, hand lapping and hand scraping. The operation
of hand lapping and hand scraping are very slow
and skillful operations. The machinist must acquire
a skill for these operations.

Filing

Two of the methods used to produce smoothly
finished surfaces are draw filing and poli:-1,iiig
with nn abrasive cloth. Draw filing is a process
of filing whereby the file is placed crosswise on the
work surface and pulled along. To do draw filing,
it is necessary to use a single cut file which
will shear rather than clip or scratch the metal.
In this operation, great care must he taken to keep
the file clean so that scratches will be avoided.

Polishing- . - --

Abrasive cloths and papers are used to produce
a smooth, polished surface. These cloths and
paper come in a areat variety of grades from
very course to an extremely fine, powdered grade.
Some types are used dry while others produce the
best results when used wet. There is a grade and
type of cloth or naper to suit any purpose, and
care should he taken to select the grade which will
produce the desired results without wasted time or
effect.

I



Lapping

Y,appino is a rethod of removino very small amounts
of material '317 moans of an abrasive. The abrasive
material is lent in contact with the signs of a
hole that is to h la-)Pod by the use of a lapping
tool. The lap should just fit the hole. As the
lap revolves in the hole, it should he constantly
moved up and down so that the hole will be perfect-
ly cylindrical.

Scraping.

Scraping is reroving high spots off a flat
bearing surface that must he perfectly matched
to another flat surface. This is a hand opera-
tion roc-luring much



RFLATED
INFORVATION

TITLE: Types of Cold Chisels

UNIT: Bench Work

OCCUPATION: Machinist

OBJECTIVE: To aquaint the student with the four common types
of cold chisels.

!REFERENCES: 1. Ludwig, 0. A., Metal Work Technology and Prac-
tice. Bloomington, Ill. McKnight and McKnight
Publishing Co.

2. Nicholson, Fred, Shop Theory. New York: McGraw-
Hill nook Co., Inc.

INTRODUCTION: Cold chisels are used to cut cold metal, hence the
nacre. They are made of high carbon tool steel in
a number of sires and shapes. The cutting end of a
chisel is hardened and temptered because the cutting
edge must harder than the metal it is to cut.
Chisels are usually made from octagon shaped steel
3/8" to 1" in diameter and from 6" to 12" long.

INFOriATION: Types of Chisels: The types of cold chisels are
designated by the shape of their cutting edges.
The folloving are the four types of chisels and some
of their uses:

a. Flat Cold Chisel: The flat chisel (Fig.') has
a wide cutting edge. It is used for chipping flat
surfaces, cutting sheet metal, bars, rivets, bolts
and for most of the ordinary chirming around the
shop. The cutting edge is sharpened to 70 angle.
The flat chisel is the most common type of cold chisel.

Fig. 1. Flat Cold Chisel

h. Cape Chisel: The cape chisel (Fig.2) has a nar-
row cutting cage and is used mostly for cutting
narrow grooves and key ways. It is widest at the
cutting eoge to keep the chisel from sticking in the
grooves and maybe breaking.

4NINPINNINNmmomm....rjTalir."--

SP8O.E SEAL
PONT

Fig. 2. Cape Chisel

5
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c. Round Nose Chisel: The round nose chisel (Fig.3)
has a rounded cutting odge and is used for cutting
u-shaped grooves and chipping filleted corners.

Fla. 3. Round Nose Chisel

d. Diamond Point Chisel: mhe diamond point chisel
(Fig.4) has a cutting edge shaped like a diamond
and is used to, for cutting v-shaped grooves and
for chinning in sharp corners.

Fig. 4. Diamond Point Chisel

6



TITLE:

rrLATEn
imrorwinon

To Read a Micrometer Caliper

UNIT: Bench Work

OBJECTIVE: To give the student practice in reading the
micrometer caliper.

INTRODUCTION: Every machinist must he able to read a micrometer
if he is to do accurate work. A regular-micro-
meter will read accurately to .001 of an inch.

REFERENCE: Anderson-Tatro. Shop Theory.. flew York: McGraw-
Hill Book Co., Inc. Chapter 6 Ilia 3-64 and
3-66.

/NFORPATION: Procedure:

1. Open the micrometer until it will pass over the
work.

2. Set the anvil of the micrometer on one side of
the work, holding the frame of the micrometer
lightly in the hand.

NOTE: Never attempt to measure moving work with
the micrometer calipers.

1. Screw the thimble of the micrometer down until
the end of the spindle will just slide over
the work. Keen the contact points in a line
at a riaht angle to the work.

4. Remove the micrometer from the work being care-
ful not to rove the thimble.

5. Note the last number showine on the barrel ahead
of the thimble. This ficvure represents the num-
?.er of tenths of on inch that the micrometer is
open, because each division on the barrel is
eaual to .025". Every fourth line is numbered
ane is eaual to .100". In rig. 3-66 page 72
in Shor Theory this is number 2 and is .200".

6. *Cote how many divisions marks are visible past
the last numbereri line. Each of these represents
.025". In Fia. 3-66, one Pivision is showing,
and lx .025.

7. Note the nurl')or from 0 to 25, of mark on the
thimble which coincides with the revolution line
on the barrel. Each of those lines represents

7



.001". In Fig. 3-66, this is andnumbe rBES1T6

COPY AVAILABLE,

is .01G".

8. Add the results in steps 5, 6, and 7. The
results is .200 + .025 + .016 = .241.

1::- 20
5-

o 1 2

1111101--15

lase I

-,32ncts.
.0312

FIG. 3.66. A reading of 0.241 in. on a micrometer.
(brown & Sharpe Mfg. Co.)
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, ....,

-
...t. '.'" .

how to hold the micrometer correctly when piece is held in the bend.

Note positions of the fingers. (The Brown Sharpe Manufacturing Company)



TITLE:

UNIT:

OCCUPATION:

OBJECTIVE:

REFERENCE:

INTRODUCTION:

INFORMATION:

RELATED
INFORMATION

To Read An Inside Micrometer and A Depth Micro-
meter.

Bench Work

Machinist

Every machinist must be able to read a depth
micrometer if he is to do accurate work. A depth
micrometer will read accurately to .001 of an
inch.

..,;

Anderson-Tatro. Sh2p Theory. New York: McGraw-
Hill Book Co., Inc.

The reading of an inside micrometer and a depth
micrometer are the same, so the following applies
to both types of micrometers. The explanation
of how to read will be given only for that of a
depth micrometer.

Each division on the line or barrel represents
.025 of an inch; every fourth line is numbered
as on a plain micrometer and these numbers repre-
sent hundred thousands or .500, .600, .700, etc.
Thimble .001/in.

Each line on the sleeve or thimble represents one
thousands of an inch or .001, .002, .003, etc.

-NOTE: When reading the depth micrometer that
the same general rule applies as used on a plain
micrometer only that the scale on the barrel and
sleeve are laid out just the opposite of those on
a plain micrometer. Those on the barrel increase
in value from right to left instead of from left
to right as a plain micrometer, and those on the
sleeve increase in_valuecounterclockwise instead
of clockwise as on a plain micrometer.

Because of the difference in scales you must
remember to use the value of the next hidden line
on the barrel as your barrel readri. In other
words, the last line covered by the end of the
sleeve. To find what the value of the hidden
barrel line is simply check to see what the value
of the lines are which can be seen on the barrel.
In the exarp.3 e Cho .'n note the last numbered line
which can be seen, closest to the end of the sleeve
is the numbered 7 line, so you know what your bar-
rel reading is going to be .600 plus.

9



BEST COPY AVAILABLE

Now notice that one line on the barrel is
visible between the numbered 7 line on the
barrel end the end of the sleeve. Each line, --
on the barrel represent: .025 of an inch. Now
add this .050 to your hidd-11 numt-..rd line
which is .600. Your total barrel reading is
then .600 + .050=.650.

To obtain your sleeve or thimble reading,
simply take the value of the sleeve line
which natches the hor!_zontal index line on
the barrel. In this cee tne number is 18
line is the matching line so add .018 to
your barrel reading for a total reading of
.650 + .018 = .668.

If extension rods are used as in often the
case, remember to add the length of the rod
to your measurement reading.

EXAMPLE: If in the reading shown, a 3 inch-
long rod was being used you would add only
two inches to the measurement of .668 and
your total reading would be 2.668. The rod
is 3 inches long but only two inches enter
into the measurement, as 1 inch of the rod
length is used in fastening the rod into the
head of the micrometer.

10



RELATED
INFORMATION

TITLE: To read a Vernier Caliper

UNIT: Bench Work

OCCUPATION: Machinist

OBJECTIVE: To give the student practice in reading the
vernier caliper.

REFERENCE: McCarthy-Smith. Machine Tool Technology.
Bloomington, Illinois. McRnight and McKnight
Publishing Co.

INTRODUCTION: Every Machinist must be able to read a vernier
caliper if he is to do accurate work. He needs
to read a vernier caliper for work larger than
the micrometer he has in his tool box and the
vernier height gage for layout.

INFORMATION: The top or main scale divisions are indicated
by three different length lines. The longest
vertical lines on the main scale are numbered with
larger numbers, and they represent inches. The
medium length lines are numbered with smaller
numbers from 1 to 9 and represent hundreds of thou-
sands--.100, .200, .300, etc. The shortest ver-
tical lines on the main scale each represent twen-
ty-five thousands or .025.

NOTE: To read the top, or main scale, keep in
mind that the zero line on the lower vernier scale
determines your reading of the top, or main scal.

First notice the value of the whole inch line
to the left of the zero line on lower scale.

EXAMPLE: The number 6 line of the top scale
is the first inch line to the left of zero line
on lower scale so our whole inch reading is 6.000.

Next we count the number of lines showing between
the six inch of the top scale and the zero line f
the lower scale.

EXAMPLE: There are two lines so add 2X.025 or .050
to the whole inch reading of 6.000. 6.000 + .050
5.050.

To read the lower vernier scale remember that each
line on this scale equals .001, or one thousands
of an inch. To obtain this reading, simply take
the value of the vernier scale line which matches
a line on the top scale.

11



EXAMPLE: The number 10 line is the matching
line so add .010 to the top scale reading.
6.050 + .010 = 6.060.

If the zero line on the vernier scale matches
a line on the top of the scale the vernier scale
reading will be zero. In this case you simply
take the value of the line on top scale which
matches the zero line on the lower scale.

EXAMPLE: If the reading shown, the zero line on
lower scale matches the number 1 line on top scale,
the total reading would be 6.000 + .100.= 6.100.

12
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RELATED
INFORMATION

TITLE: Drills and Drill size

UNIT: Drills and Drilling Processes

OCCUPATION: Machinist

OBJECTIVE: To acquaint the student with the process of
drills and drill sizes.

REFERENCES: 1. Anderson-Tatro. Shop Theory. New York:
McGraw-Pill Book Co., Inc.
2. McCarthySmith. Machine Tool Technology.
Bloomington, Illinois: McKnight and McKnight
Publishing Co.

INTRODUCTION: Early drills were made of flat pieces of steel
twisted to form the helical flutes. After the
forging and rough machining operations the
drill was hardened and ground and ready then for
use.

INFORMATION: Drills today are made of high speed alloy steels
which will permit operations at much higher speeds
without effect on the hardness of the drill as
compared to the earlier drills. The material used
for drills today is cylindrical. The flutes and
clearances are machined on special production
type machines. The hardening process is controlled
to insure uniform hardness. The sharpening is
done on special machines designed to provide maxi-
mum efficiency and a longer life for the drill.

The majority of holes that are drilled are
smaller than 1/2" in diameter. To meet this need
the manufacturers have produced a number of stan-
dard drill sizes smaller than 1/2" in diameter.
Fractional size drills are available from 1 /6;"
to 1/2" and larger in diameter in multiples of 1/64".
Number drills, from :41 to A80, provide eighty dif-
ferent drill sizes to supplement fractional sizes
smaller than 1/4" in diameter. Letter size drills
fkom A to 7 supplement the fractional sizes from
1/4" to 1/2" in diameter. These three standard
drill sets provide over one humdred and thirty
different diameters which may be used by the machinist
today.

Straight shank drills with carbide tips are recom-
mended for high production drilling of cast iron,
cast steel, and nonferrous materials. They are

"hot recommended for drilling steel. Carbide dip
drills of the straight-shank type are recommended

11



for use in drilling hardened steel in the range
from 49 to 65 Rockwell-C hardness. Holes may be
drilled without .innealina the metal. A steady
hand feed with a aood flow of cutting fluid
should be used at a cutting speed from 75 to 100
RPM.

hA
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rrLAmEn
INPoRrATION

mITLP: SpeeaF, reerls cr'r Drilling

UIT: nrills and Drilling Processes

OCCUPATION: nachinist

OBJFCTIIT: mo acoulint the student with the proper speeds
and feces for different types of materials.

PErEPT1:77S: 1. Pneerson-n'atro. Shop mheorv. New York:
McCraw-Pill Rook Co., Inc.'
2. T3urahart-P;:elrod-7\nderson. 4achine Tool
Operation Part T. New vor%: VcCraw-Hill Book
Co., Inc.
1. Porter-Lascoe-Nelson. Vachine Shop Operations
ann SetuP:s. Chicano, Illinois: American Technical

INTPODUCTION: The feed of the drill bit into the metal varies
accoreina to the hardness or soctness of the material
being drilled. TOO much feed can cause a damaged
drill or work piece. On a power operated down
feed Ori31 Press the ceed can he Fet to a certain
depth per revolution. Charts in text hooks with
recormendee speed and. feeds are available. The
fee(' is expressed in surface feet Per minute. The
speed is expresned in revolution per minute.

INPORMATIOM: SP7mnP roP nprLrarr
rrhe sneer' of a c'riil is usually measured in terms
of the rate at which the outside or periphery of
the tool r,oves in relation to the work being drilled.
The common term for this is "Surface Feet Per Minute",
abbreviated to mhe relation of S.P.I. and
'evolutions T'er 'linute, or P.P.V. is indicated by
the followina formulas:

s.r.r. = .26 ;! P.P.N. rill Diam. in Inches

= 1 Cuttina_Speed
Piameter

In aeneral, when oneraina a drill at a speed any-
where ii thin its ranee cor the Particular material
involved, increases in seeed result in fewer holes
Le-oro crimlinn ',ecornei necessary and reductions
in speed nermit rore Werl before the tool is dulled.
As ;1 result, on eYory inh there is the problem of
ehoosin P speed IN.hich will nerrit the highest rate
of nrorluction without entail inn excessive drill costs
or down-time for tool sharnenina. The most efficient
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speoa "or c-crotinG n drill ,d1.1 depend on many
yarirolcr !ome of_ which are linte' Yelm:

1. ComPosition and hardness of material.
2. Perth o4 hole.
3. Ffficiency of cutting fluid.
1. Type and condition of drillina machine.
5. nualitv of holes desired.
6. Pifficultv of net-up.

Steeds shown in the followin table indicate
the at)rro:,:imate range for efficient operation
under normal conditions. nn most jobs, adjustments
crom these speeds he reauired to reach
peak efficiency.

t'T*,T7PTAL SPrEp IN S. P. M.
100 to VI Erinnel 20-30

Stainless Steel 30-40
Tool Steel, 1.2 Caron 50-60
Steel .1 to .5 Carbon 70-80
Mild Machinery Steel .2 to .3 Carbon 80-110
Hard, Chilled Cast Iron 30-40
Medium Hard Cast Iron 70-100
Soft Cast Iron 100-150
Malleable Iron 80-90
'!onel !total 10-50
High Tensile Strength Bronze 70-150
Ordinary Prans and rronze 200-300
Aluminum and its alloys 200-100
Magnesium and its alloys 250-400
Slate, 74arble, and stone 15-25
Bakelite and similar material 100-150
Wood 300-400

* The above table is for the use of High Speed
Drills - if Carbon Steel Drills are used the speed
should he 40 to 50 Percent of the speed listed.

PrpDS FOP DPILLINc
The feed of a drill is governed by the size of the
tool and the material drilled. Since the feed
partially determines the rate of production and
also is a factor in tool life, it should be chosen
carefully for each particular job. In aeneral the
most effective feeds will be found in the f011owing
ranae:

DPILL DIA!'17mF" TN TMCITS

Under 1/r
1/P to 1/4
1/4 to 1/:'
1/2 to 1
1 and over

Firm) IN ITCHES PEP.
REVOLUTION

.001 to .002

.n02 to .004

.nnA to .007

.007 to .015

.015 to .025
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TITLE: Twist Drill Failures

UNIT: Drills and Drilling Processes

OCCUPP.TIOr: Machinist

CMJCTIV7: To acouaint the student with twist drill failures
and, their causes.

PITEPY:INCES: 1. AnOerson-Tatro. Shop Thcory. New York: McGraw-
?'ill r)ook Co., Inc.
2. P,urghart-Axelrodi. rachine Tool _Oneration.
Part 1. Ala York: McCi.aw.ifill nook Co., Inc.
3. Porter-Lascoc-Nelson. Machine Shop Operations
and Sctuos. Chicago, Ill: AMerican Technical Soci-
ety.

INFOP:"A"ION: Twist Drill Failures and Their Causes

1. Drill Breakaae:
Caused by spring or backlash in press or work

- too little lip clearance
too slow sneed in proportion to the
feed
dull drill
impro 'Der chip clearing by drill
(cloggina).

2. Broken Tana:
Caused by imperfect fit of taper shank in the

socket, due to nicks, dirt, burrs,
or worn-out socket.

3. Breaking down of outer corners of cutting edge
or lip:
Caused by - too much speed

too much lip clearance
- improper cutting compound
- no lubricant at point of drill
- improper chin clearing by drill
- material being drilled has hard spots,

scale or sand inclusions.

4. Oversize Hole:
Caused by - unequal angle of point

- uneaual length of cutting edge
loose spindle

- wrong drill (check size before using
the last fellow nal, have put it in
the wrono location.)

17



5. Rough Hole:
Caused by dial drill BEST COP? AVAILABLE

- imnroporlv ground drill ..
i

- wrong lul'ricant, or lack of lubricant
- ton 'Inch pressure
- too much fee".

E. Splitting up (-enter:
Canned 1,', - too little lip clearance

- too much feed.

7. Checks or cracks, in cutting edge:
Causod by - overheated drill

- too quickly cooled while sharpening
or drilling.

P. Care'in chips:
Caused by - oversize jig bushing

- mishandlinfl in storace or use.

0. Drill will not enter wor:
Ca,F.'C by dull "r311

too small liP clearance
- vol) to 1:eav
- material emcossively hard
- chip oopf,'.t '--tween drill point

(n,, --or!:

71 PEF "nnWT" Po" D717,11% Pnr:SS rITPATIONS

1. Don't chango bolt with rotor running.
I Don't fry to Inle ior)' 1'7 1,Pne'--rlelt a clamp or

visr.
1. Don'!- force the "rill -- ou will dull or break it.
4. Dnn't tr.! to ston revolving vorl- -- a broken

drill is chenror than a b--(0-en finger or hand.
5. Don't take chances -- if %,(1,1 are not sure, ask

your superior.
6. Don't "work harden' the drilled hole by using

too rine a feed or a 01,11 Frill -- subsequent
use of a tap or reamer will result in damage or
breakage.



PFLATED
INTOM'ATION

Speeds, "eeds for reaming

UNIT! Poanina Processes

OCCUPATION: Vachinist

BEST COPY AVAILABLE

OBJECTIVE: To acquaint the student with the proper speed,
feed and amount of stock removal with machine
reamers.

REFERENCE: 1. Anderson-Tatro. Shop Theory. New York:
1',cc7raw-rill rook Co., Inc.
2. rerarthY-Smith. :lachino Tool Technolqgy.
Eloomington, Illinois: "cKnight and McKnight
rublishinc Co.

INTrOnVCTIOn: reaming is used to obtain accurate sized holes
./ith a smooth finish. Accuracy and finish can be
o')tained by usina several drills in successive
order Pn0 stoning the cutting c'riae of the final
drill. This rethod is ti.r.o consuming, and care rust
!)(1 psr-r" to obtain the same rerults as reaming. reamers
which :ire noor driven are called machine reamers.
Vochine reaming is fast and sufficiently accurate
for most of the work done in a machine shop.

INFORMATION: SPET:nS

Tlic most efficient speed for machine reaming is
closely tied in with the types of material being
reamed, the riaidy of the set -un, and the tolerance
of the finish reauired. Unite often the best
speed is found to lie around two-thirds of the speed
used for drilling the same material.
1. lack of rigidity in the set-up may necessitate
slower speeds, while occasionally a very compact,
rigid operation may permit still higher speeds.
When close tolerances and a fine finish are required
it is usually found necessary to finish ream at
considerably slower speeds.

FEEDS
In reaming, feeds are usually higher thamthose
used for drillina. The amount of feed may vary with
the material but a good starting point would be be-
tween .0015" and .0046 per flute Per revolution.
Too low a feed may result in glazing, excessive
wear, and, occasionally, chatter. Too high a feed
tends to reduce the accuracy of the hole and may also
lowor the olv,litv of t'hc f":13rh. 'T'he basic idea is
to use as high a feed as possfl)le and still produce
the required finish and accuracy.

10
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AMUPT or STOCK nEmovED
?Cr sirilai reasons, insufficient stock for
reamina ray result in a burnishing rather than a
cutting action. It is flificult to generalize on
this phase, as it again is closely tied to in with
type of material, feed, finish reguireel, depth of
hole and chip canacity of the reamers. For
machine reamina, .010" a 1/11" hole, .015" on a 1/2"
hole, un -.o .021" on 1 1/2" hole, seems a good
startinl point.

o.
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TITLE: Sinale Point Cutting Tools

MIT: Lathd Work
a

OCCUPATION: tlachinist

OBJECTIVE: To acquaint the student with the correct angle,
shape of the tool, smoothness and the selective
of the correct type of tool for the material
to be machined.

PEFERENCE: 1. AndersonTatro. Shop Theory. New York:
McGraw - 'till Book Co.,fnc.
2. How to Run a Lathe. South Bend Lathe Work.

IrTPODUCTION: The cuthing efficienev of the single point
cutting tool is the responsibility of the machinist.
The nuttina tool efficiency is judged by the tools
ability to remove material, the quality of the
finish, the amount of machining achieved by the
cutting tool before-rearinding becomes necessary.

, ..

inrcInmATIQI: The grinding of a lathe duttna tool involves
considcr-'tion for two types o!: angles: cleardnce
angles and rake or cu' tina anales. As the name
implier. clearance angles are provided so that the
cutting edge can be brought in contrast with the
work surface without interference from the body of
the tool. Clearance angles are ground on the
front of the tool and on the side of the tool

.

which jr hning fern into the work. These angles
do not affect t'lc, cutting re.tion of the tool.' Their
sole function is to provide the necessary clear-
ance to the nutting ec'ge without sacrificing
strength.

The rake angle on a lathe tool determines how
the tool will cut and the shape and direction of
the chin. These angles vary with the material
beina cut. For turning brass we use a tool that
has no side rake, since side rake would cause the
tool to "dig in" awl tear the material. A tool for
tkfrninq steel rust have considerable side rake to
reduce the tremendous cutting pressure, caused by
this harder, tougher material.

TaIlles of recommended clearance and rake angles for
rnehinina the various ratorials are listed in most
te- :t hool-n an-1 handbooks. In the actual grinding
or' gyration the ncu rrcl,inist stuOont will find it
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BEST UW AVAILABLEnecessary, at first, to use a protractor or a
tool cane to check accnravz. T.lith repeated
practice, elc.se ai(4n can he

eliminated.

I,
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TITLE: Methods of Holding Work in on a Lathe

UNIT: Lathe

OCCUPATION: Machinist

OBJECTIVE: To acquaint the student with the different
methods of: holding work in the lathe while
being nac'linci, proper speeds, and feeds to
use while operating the lathe.

REFERENCE: 1. Anderson-Tatro. Shop Theory. New York:
McCraw-Hill Dock Co., Inc.
2. How To Pur, a Lathe. South Bend Lathe Work.

INTRODUCTION: The machiniclt nrseds to know the different methods
of hfliJli.11 41,1e lathe and how to calcu-
late his speed and feeds.

INFORMATION: Any mac:h:.nir.^ lob involves five steps before
completing. These stens, in general, are the
same for al] r.chines:

1. Mounting or holding the work while it is
being machined.
a. P.etwr?e,'. centers. The work is supported

at each ,-Ind by concal points called
centerr3.

h. Tn a cick. One end of the work is held
b" tar ;aws of the chuck. The other end
is exriosr:d for machining. There are two
type,= c,f chucks - three jaw combination
which is selr-centering and four jaw
type in which each jaw is independent
of thr, otl,crs.

c. race Plate. The work is bolted to this

Slf-centering holding devices
use,^ 1)r;m1rilv in production work.

2. Selertnc: an,1 Setting Proper Speed.
Use fr;:ule. to cotermine the proper Speed:

= C.S. = Cutting Speed
D. = Diameter of

work
are usually given on the

na&l:cn. are listed inside the head-
-

(-):1 headstock cover.

3. :,c1c.c:)ne rtn,: :setting proper Feeds.
"1)C are recommended on lathes:

r:1 ;o.vol_al_lon for roughing cuts;

?",



and .0038" per revolution for finishing feed.

4. Selecting and Mounting Cutters
A cutter is selected for a specific operation
or cut to be made. For lathe work these are
called:
1. Round nose turning tools
2. Facing Tools
3. Threading Tools
Lathe tools or cutters should be mounted "on
center" and roughly perpendicular to the face
being machired. A cutter is "on center"
when the top or cutting edge is level with
the centers of the work.

5. Measuring.
This is done both on the machine and with hand
measuring devices found in the tool trays.
'hen the mp7roreter is used, measurement is in
thousandths of an inch. The measuring_ devices
on the machines. except for the drill press,
read in thousandths also.

2/I
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INFORMATION

TITLE: Boring on the Lathe
copy p ouga

UNIT: Lathe Vork

OCCUPATION: Machinist

OBJECTIVE: To acquaint the student with the boring opera-
tion on the lathe.

REFERENCES: 1. Anderson-Tatro. Shop Theory. New York:
McGraw-Hill nook Co., Inc.
2. How To Run a Lathe. South Bend Lathe
Work.

INTRODUCTION: Boring is an internal turning operation. It is
possible to turn a diameter, cut a thread, taper
or chaminr, or perform any operation internally
that can be perLernd externally on the work
piece.

INFORMATION: The principle of stock removal does not change
whether it is external or internal operation on
the work niece. The movement of the crossfeed
screw revnsed for boring operations, the tool
hit must be held in a special tool holder tnat
will permit it to he fed deeply into a hole.
The tccl bit :Yost have more front clearance to
avoid rubbing.

Holes 1. .1lich are to be bored are usually roughed
out with drill held 3,A the tailstock. The
boring tool is relatively srringy, therefore the
hole is drilled as large as possible, with a core
drill, leaving a minimum of stock for boring. On
castings holes are cored that are to be bored to
save time in the machining.

Boring rrrylirrs a greater skill on the part of
the machinist than does external turning. He
must be able to tell by the sound of the cut,
the condition of the chip and the condition of
the tool how the operation is progressing.



RELATED
INFORMATION BEST COPY AVAILABLE

TITLE: Types of Tapers

UNIT: Lathe Work

OCCUPATION: Machinist

OBJECTIVE: To acquaint the student with the more common tapers
used in machine tool work.

' REFERENCE: 1. Anderson-Tatro. Shop Theory. New York:
McGraw-Hill Book Co., Inc.
2. Axelrod, Aaron, Machine Shop Mathematics.
New York: McGraw-Hill Book Co., Inc.

INTRODUCTION: Taper is the difference in diameter for a unit;
of length of a conical piece of work. It might
also be considered as a uniform rate of change
in the diameters of a conical piece of work.
Several machines in the machine shop that have
revolving spindles which have tapered holes into
which the tapered shanks of drills, reamers, cen-
ters, and so forth, are fitted and securely held
in place by the holding action of mating tapers.

I1 FORVATIM1: TYPES OF TAPPRS: The following are the more com-
mon types of tapers used in the machine shop.

MORSE: The Morse taper is the most common at
the standard machine tapers. It is used on most
taper-shan):ed drills, reamers, and other taper
shanked tools used on larae drill presses and lathes.
There are eight sizes of morse tapers, numbered
frOm 0 to 7, 0 being the smallest and 7 the lar-
gest. The morse taper is approximately 5/8"
per foot.

BROWT: AND STTAPP: The Brown and Sharp is a standard
form of taper that is used mostly on old style
milling machines and tapered spanked and mills.
There are 1S sizes of the Brown and Sharp tapers,
numbered fre., 1 to 18, with 1 being the smallest
and l R beim, the largest. The amount of taper is
1/2" per foot.

JARNO: Jarno taper is standard form of taper
that ma; be found on some suecial purpose machines.
Thor( are 2,1 sizo ,larnr. taper ranaing from
1 1 1 ..(ILJest and 20 the lar-
gest. The amount of taper is .600" per foot.

26
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STArrARD VILLTUr "1CI7I7: The standard milling
machine taper is used in the spindle of most
late model milling machines and on the arbors and
adaptors for these machines. There are four stan-
dard sizes of this taper numbered 30 the smallest,
40, 50, and 60 the largest. The amount of taper
is 3 1/2" per foot.

STANMRa Pr!:--""aper nins are -used to aliOn
or hold parts together. They are preferred to
straight pins where they must be removed from
time to time. There are 14 sizes, numbered from
0 the smallest to 13 the largest. The amount
of taper is 1/4" per foot.

TAPER FOMULAS AND SYMBOLS: The amount of taper
is usually specified either by the taper per foot,
by the length of taper and the diameters at the
ends of the taper, or by degrees. The following
formulas may be used to make most taper caculations.
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TITLE: Taper rolmulas

UNIT: Lathe Work

OCCUPATION: Nachinist

OBJECTIVE: To acquaint the student with the symbols and for-
mulas used when making taper calculations.

REFERENCE: 1. Anderson-Tatro. Shop Theory.. New York:
McGraw-Hill Book Co., Inc.
2. Axelrod, Aron. Machine Sho_ p Mathematics.
New York: McGraw-Ian bOOk-bo., Inc.

INTRODUCTION: The stur7ent must know and understand the symbols
and formulas for toper calculations. }!e must he
able to make calculations for the tailstock off-set
method and the taper attachment.

Ir1 ORMATION1: SrT1OLS 17!-TD:

Lt = Length of tz,i)er in inches
Ls = Length of entire workpiece
D = Large diameter

= Small liar eter
TPT= "'opor per inch
Offset - Tailstock sot over in inches
mP7= Taper per root

rorTT;i\F;:

TPI = D:0
Lt-

TPE == P-d x12
It

rrn" ': r t d
12

= rrn" x Lt D

Lt = D-0 v 12

Offset = Le X TPF
Y7 2

Offset = Le Y, D:d
Lt :2
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Mechanical Arcessories--FastEners

Screw Threa0s

OCCITFIvnI01;: Machinist

OT3J1C?1,77.: To accuaint the student with the different types
of fasteners or holding c'evices used in the
nachino shoe.

RErEFEMCF.::

WTRODUCTIOTh Fasteners may be classified as either permanent
fasteners like rivets, or movable fasteners, such
as :Dolts, screws, an(' keys. ;lovable fasteners
arc Ilost weelv nsed in a rachine shop.

Dolts--:!exagon-head or sruare- head bolts for_
aeneral fastening curnoses. The length of bolts
is always given frorn under the hoar, to the point,
any' the length of threaded portion is aiven from
the point.

Setscrows--Tho purpose of setscrews is to prevent
_

h
_

notion etween two Parts, such es a pulley on a
shaft. Fetscry are made with either headless or
with sauarc heat's and with many point shapes.

Canscre-,s--There arc six standare heads for cap-_
c

_

srews, narsol,,: hexagon head, flathead, button
head, fillister he ci, hexagonel socket head, and

sochct.

Vachino Screws--Vachine screws differ from cap screws,
chiefly in that they are smaller. Machine serene
arc adaPtcd for use with rat:oriels of thin section.

Eeys--ilevs arc used to transrit Positive motion
beteen shafts anti wtilleysi cranks, etc.

manor nins--Taper pins arc used in fastening hubs,
collars, hend wheels, etc., to shafts and generally
for narts which rust be sea rated frequently.

Dowel Pinsrowel Tins are used to maintain initi
alianmcnt bct,mcn parts and to prevent any side-
wise rovent between Parts.
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mo aeon: tint the student with the terms that
apply to the American National Screw Thread

nErnmmlr: Anderson-matro. Shoo Theory. Mew York; Mcnrar- .

nook. Co., Inc. Burchard, It. n. Axelrod,
Aaron and :Inderson, James. flachine Tool Oper-
ation Part 1. !Iew York: McCraw-Hill Book Co., Inc.

INTRODUCr'IOr: The American rational Screw mhreal form is the
most cnmron screw thread form used in this country.
The three series of this thread arc the Yation,7,1
Course (MC). "he rlif2erenoe l-eina the nr,74'nr of
threvds per inch. The follorina terms relate
to the Amcrican rational Serer Thread form and
most other screw thareaP formsas well.

Screw Thread - -A rirlae of uniform section in
the form of a helix: on the external or internal
surface of a cylinder or cone.

External ThreadThread on the outside of a member.

InternalThrealThread on the inside of a member.

tOer niametermhe larcest diameter of a screw
thread.

Pitch DiameterThe diameter of an imaainary
cylinder or cone that would cut through the
threads at such roints as to make eaual the width
of the threads ant' the ,deth of the spaces cut by
the surface of the cylinder.

Crest--The top surface joining the two sides of a...
thread.

PootThe ',ottom of the surface joining the sides
of a thread.

Side--The surface of a thread which connects the
crc with the root.

Tenth c mhreE.d--7'he distance between the crest
.

and base of the thread_



Lenah of erwagement--The length of contact
BEST COPY AVAltABLE

6etveen two rating parts, measured axially.

Fit--e. relationship of two matina parts with
reference to ease of assembly. Four classes
of fit have been establishes' by the National
Screw Thread rflmmission for the purpose of insuring
the interchange,.ble ranufecture of screw
threads in this country, the number and corres-
ponding fits are as follow:

No. I Loose rit Duo. 3 Medium fit
no. 2 Free fit. No. 4 Close fit

rinor piameter--The smallest diameter of a screw
threae. ,

Pitel--The distance from a point on a screw
thread to the corresponding point on the next
thread measured parallel to the axis.

Angle of Thread--The angle included between the
sides of the thread measured in an axial plane.
The thread anale of the American National Scro'e
'Phread form is 60 degrees.

Helix Anale--"The angle made by the helix of
the thread at the pitch diareter with a plane
perpenr'icular to the axis.

f
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PETATTED
itroTTATION

BEST COPY AVAILABLE

TTTLE: Screw mhread Formulas

UNIT: Screw Threwls

neMPATIMI: Machinist

OWFCTIV: To acquaint the student with the formulas used
in making calculations for cutting screw threads.

P.71"ERENCE: Amelrocl, Paron. vachine Shon Mathematics. New
York: rcrr:lw-iiiirco., Inc.

L1177.0DUCTIM: The following formulas apply to the three series,
NC, Nr anr' T.'S of the hmerican national Screw
Threao form.

vt''10LS:

FOF1ULAS:

P --Pitch
SD--Sinale Perth
DD--Double Denth

--Crest
R --Poot
N --Numbcr of threads per inch
rmS--Tap c'rill size

P= 1,/'J

SD= .495

DD= 1.209

DD= 2sn
C= p/8
R= P/S

Minor diameter = Major. diameter - DD

Pitch Diameter = Major diameter - SD

mnS = flajor diameter - 1/N

12
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frITLE:

211 Im.:

1CCUPATION:

IPJ3--.CTIVF.:

lrrrilEvcr :

INTPOrPCTION:

inronmTiore:

nnAmrn
rIFORVATION

BEST CrIt'v Awill ABLE
The notary Table and lts Vse

?lining "achine

',achinist

To acruaint the student with the rotary
table and its many uses.

Aurahardt-.Axelrod-7nderson. nachine Tool
Operatic,- TI. rew verk: !lc:Craw-Hill nook Co.

Potar.! to),les are integral eguinment on slot-
tors or vertical shapers and auxilary equipment
for vertical milling mrchines an0 jig borers.
rotary tables are also used occasionally on hor-
izontal 1)(1:-ing mills, milling machines and drill
nresses.

There are only `our fundamental applications. One
is the mae:inina of circular contours and grooves.
Another is the locating and finishing of surfaces
at an angle to some other. anccle. The third appli
cation is boring holes at angular locations.
Finally, the rotary table is erployee for divi-
sional snacina litre the index heed.

Post rotor" tables can he fastened at any posi-
tion on t')e machine table. .\ few have auxiliar
nowerfeed connections that permit only limited
freedom. :lost tobJes rely on the handwheel
for the source of rotary Movement. On the ver-
tical shiner and siotter the rotary section is
integra It has been substituted for the table

- and fitted to the saddle by the cross-slide.
In this way, feed in three directions can be
obtained; front to rear, crosswise and circular.
Vertical shapers likewise usually have powerfeed
in these directions.

Sometimes "circular" tables, as they are sometimes
called, are clamped to tall angle plates o'knees.
Tables are most often used in this way or the
horizontal boring mill. When settings other than
90 degrees to the base are reauired, some plates
are placed under them.

Rotating tables have relatively simple mechanisms.
Commercial sizes nre 9", 32", 1:.", and 18".
Larger tables of different sizes are usually
supplied directly by the machine manufacturer.

11
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In many cases these are adaptable only to one
machine. Provisions is made on most tables
to "throw out the worm" in order to make quick
adjustments manually. Some have the handwheel
replaced by a removable crank. A few are made
so that the familiar index head dials may be
attached.

e
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.11.......?



PELATIM
INPOPMATION

BEST COPY AVAILABLE

XTUU: Operation of Shaper

"IT: Shaper

ZCMPATION: MAchin...st

To acquaint the student with the type aplaze,-..
methods of mounting work on the shaper, adjust-
ment of the length of stroke, and speed and feeds
to be usee.

rEPE17ENCFS: 1. Anderson-Tatro. Shop Theory. New York:
McCraw-Hill Book Co., Inc.
2. McCarthy-Smith. Machine Tool Technology.
Bloomington, Illinois: McKnight and McKnight Pub-

.

lishina Co.

NTRICIDUCTIOY: Shancrs are primarily intended for machining flat
surfaces but can be used for machining many kinds
of curved, odd, or irregular surfaces.

ANFOYMNTSr: 1. Types and sizes of shapers
A. Types

(1) Horizontal
(2) Vertical

B. Sizes are eetermined by maximum length of
stroke

2. Methods of mounting work
A. Work is held in vise when possible. Parallel

bars are placed uneer the work to properly .
position for machinina.

B. Work may be clampee directly to the table.

3. Adjustment of stroke
A. The lerOth of stroke is the distance the

tool moves in one direction for any given
time. The proper length of stroke for any
given joh is the length of the work plus 2
inches. Various lengths of strokes are
available on shapers.

4. Selecting and settirfg proper speeds and feeds
A. The spend to use on any given job can be

eetermince through calculation using the
following formula:

= 6(Cq C.S. = Cutting Speed
L. = Length of stroke

(Pr11/!* cor

B. Feed is exnrdssed in thousandths of an inch
ner stroke
(11L2pAghing cuts use .040"-.050" per stroke.

35
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3i-A Luc' 1 hbhuABLE

(2) Finishing cuts use .010"-.020" per stroke.

5. The cutting tool should be held at right
angles to the face being rachined. When "down
feeding' the cutting tool should be placed so
that it projects ,,eyond the sides of the clapper
box and approNirately 45 degrees with the face
being machiner,.

3r,



`'TLE:

IT:

'CUPATIOII:

1ECTIVE:

2EROTE:

TRODUCTTO7I:

FOIVIATIO-::

PELATED
INFORnATTOn

Shaper Operations

Shaper and Shaper Processes

tiachinist

To acauaint the stunt with different operations
on a sharer that may he accomnlished on the shaper.

BEST COP? AMIABLE

The terms partina, cuttino off, slitting, slotting
and arooyinc are often used synonymously and
son-ntireq rather looqelv. 7heir definitions are
not esta'Aished and the machinist me.y have some trou-
ble makino a distinction !)etween then.

Partino-riirtinc or cutting of is the process of
separatim, or euttin off material. Althouoh it
is possthle to cu': within a few thousandtbs of the
desired lenoth, -,':-rting is not usually considered
an accurate prnceF-s. 'rho narrow parting or cutting
of' tool ir. fed ''own vertically. into the naterial,
and- r'ach Fuccer'ing strol-e or the tool cuts cleaner
into the metal until the l'arU; ,Ire separated.

Slittincilittin usually innlies a narrov, cut.
Thn cut r.:1- he or anN, lencth, deer, or shallow.
Slit`' shoilld net lie too deep '-ecause of the diffi-
culty encountered ,.'hen a ('eep riit is beim7 cut with
a narrow 4-oel Slittiur therefm-c, is machining a
narrow cut not over 1/16' 'side and does not comoletly
sever or cut of the metal.

Slotting-:'1 is usually understood to indi-
... __
cate an o-rninc that i:: more than 1/16" vide. A
slot r..,aN. ''aye one end onen, both ens open or both
ends elor.lor'. The sides of the cut may be straic:ht
or sloping, 'rho slot ray be cut in one operation
with a tool cut to the desired wideth of the slot.
If the slot is wider th7,n tIli, tool, thn tool_can
be set to cut do,,n one side of the slot, then raised
an0 set to feerl clown to complete the second side of
thr slot. Tf the Flei: is more than twice as wide
as the tool , thr renter rein ',,-. cut before cuttino
down thr F;drs. Tr the riot j- unur:1,-11v wide
and c'or'n, a nvrll,,,- ofsrWr; r-z,n he tal'ren with a
l'irlcs 1-rIr1 4-4-) r,-- r)(-, tho rv(4o,', ry-,1-( 1 prri then the
splr,- jIn i.,

'1:-.) '";1('' ,..1)Lti-w

too]s.

vr,.,,a,rs-T'ev"ays a,-r slots l'hich are cut to a._,_

-.7
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standard width and denth to receive rectangular
blocks or keys.

Grooving-Crooving should he considered the process
of cutting a shallow slot. Such cuts may be
square, rectangular, v-shaped or circular. Grooves
can act as reservoirs for oil or for channels
for the distribution of lubricant, or they may act
as channels which aid in disnosing of dirt or clips.
Sometimes a groove is cut next to a shoulder as an
aid in grinding.

Serrating-Serrating is'the process of cutting a
series of equally spaced grooves upon the surface
of a work piece. The main reason for serrating is
to roughen the surface slightly and to increase
its holding power, although it is frequently used
for ornamental purposes. One special use in the
machine shop is to lessen the effective area of a
working surface, such as a lapping plate. The
grooves may he cut perpendicular to each other.
The plane surface hounded by the grooves will then be
rectangular or sauare. If the grooves cross each
other at an angle other than qn degrees, the area
will he diamond shaped.

Vhile the shapes of the grooves are not standarized
they are usually v-shaped with a flat or rounded
surface at the bottom of the two tapered sides.
The depth and distance between the grooves determine
the size of the flat surfaces. Lard oil or other
suitable coolant, applied with a brush, will help
the cutting action and improve the finish.
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TITLE:

UNIT:

OCCUPATION:

OBJECTIVE:

REFERENCE:

INTRODUCTIM:

INFORMATION:

PELPTEP
INFORWITIOV

Spur rear Terminology

Milling loachine

!lachinist

To acauaint the student Iiith the definitions and
terms that are common to spur tears.

Anderson-Tatro. Shon Theory. New York: McGraw-
Hill Book Co., Inc.

The machinist must be familiar with the terms used
to descrihe clears, so he will understand the methods
used for designing, calculating and cutting gears.

Parts of a Spur ('ear:

i'lh v.- Yk,ei,
Girculor f'dch . P, 'c/, CI,-;.".,'e

.''Top (tA.f.\.
I - - " )i ,11:-vA,f9 Drpth

face r - \) Clc.7~.:7nce
flank .. . c) -('- ,,,-:' 4ddsnAirri-.1 .S?.,=--,

j.": .1...... .J.717 tcA-nrss ci7 -`'..'

(.1 r IFt. : /.Capri
4--

I:

/i/.

:filch
Circle

Circle

Roof C/ rc/c

Spur-gear (lenient.; rind loutli parts.

TERMS:

1. Spur (ear -A near with teeth cut parallel to
the axis of rotation.

2. AddendumThe distance from the nitch circle to
the top of the tooth.

3. Dedendum--The distance from the pitch circle
to the bottom of the tooth.

4. Outside niameter--The over-all diameter of the
gear.

5. Pitch Diameter--7he diameter of the pitch circle.
6. Pitch Cire)e--Thc circle made by the line of con-

tact of two cylinders uhich would have the same
speed ratir)s as tbP

7. CtrcuJar f,t:u.co from one point on
a clear tooth to the cnrresnondina point on the
next tooth, measured on an arc of the pitch circle.



8. Clearancernhe distance between the end of a
e

tooth and the bottom of a matina tooth.
9. Working depth--Distance a tooth extends into

the tooth space when fully meshed and has cor-
rect clearance.

10. Whole depthWorking depth plus the clearance.
11. Diametral PitchNumber of teeth per inch of

_pitch diameter.
12. Tooth face--Surface of the tooth from the pitch

circle to the outside.
13. Tooth flank Surface cf the tooth from the pitch

circle to the base of the tooth.
14. Chordial thickness--Thickness of a tooth where

the pitch circle Passes through the tooth.
15. Center distance -The distance is the measurement

from the center of one gear to the center of
a meshing gear.

16. Root circle -A circle formed by the bottom of the
teeth.

17. Rack -A near rack is a niece of raaterial with
teeth cut on a flat surface.

18. Pressure angleThe angle at which pressure of
one tooth upon another is applied.

40



RELATED
INFORMATION

Spur (_ear Formulas

Milling Machine

)CCUPATION: Machinist

OBJECTIVE: To acquaint the student with the formulas used to
make spur gear calculations.

REFERENCE : 1. Anderson-Tatro. Shop Theory. New York:
McGraw-Hill Rook Co., Inc.
2. Burghardt-Axelrod-Anderson. Machine Tool
OLeration Part II. McGraw-Hill Book Co., Inc.

INTRODUCTION: To he able to make the calculations needed tO design
and cut a spur gear, a machinist must he familiar
with the symbols and formulas.

INFORMATION: SYMBOLS:

P= Diametral Pitch
CP= Circular Pitch
PD= Pitch Diameter
OD= Outside Diameter.
N= Number of teeth
S= Addendum

S-1-F Dedendum
F= Clearance
W= Whole depth
T= Chordial thickness
LP= Linear Pitch
II= Corrected addendum

11G= Number of teeth on gear
NP= Number of teeth on pinion
C= Center distance
I= Inside diameter
L= Length o' rack

rOPNULAS:

S = 1/P Addendum
C = Ng Np

CP = .321/1)6

.157

Center distance

Circular Pitch

Clearance



S + F = 1.157
P

P = 3.1416
CP

P = N + 2
0 D

P = N
PD

Dedenclum

Diametral Pitch

Diametral Pitch

Diametral Pitch

N = P x PD Number of teeth

OD = N + 2
---Ti

OD= PD + 25

PD = N
15

Outside diameter

Outside diameter

Pitch diameter

PD = OD-25 Pitch diameter

W = 2.157
P Whole depth

W = .6R66 x CP Whole depth

LP = 3.1416___
Linear Pitch

^2
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FRLATED
INFORMATION

-ITLE: Iron and Steel Products

IIT: Heat Treatment and Testing of Materials

XUPATION: Machinist

3JECTIVE: To acquaint the student with the different pro-
cesses of producing steel.

TIFERENCE: Tool Steel Simplified. Carpenter Steel Co.

11TRODUCTION: The making of steel and the process inyhich it
is piocluce,' is neef,ssary to the machinist in
order that he may have a better understanding of
what he is working with and how to select the
right steel for the job.

NPORMATIO11: Cast iron toes throueh a heatinaancl refininc
process in a "cupola furnace' which is some-
what less complicated than the blast furnace. Air
at normal ter peratuYe is forced through a burning
mixture of pig iron, scrap, limestone and coke.
Cupola towneratures aro lower than those of the
blast furnace, and the refinina or purifying pro-
cess can he regulatee easily for its carbon content.
Any addition to cast iron arc usually added to the
strear as modifyina elements. The most common
are nickel and chromium.

STEEL CPSTIMC PpopucTi0?:
In the steel foundry, corrections are usually
added to the hearth just before the heat is con-
sidered ready. The time duration of the two boil-
ing processes, namely that of the ore and the lime,
reduce nearly all minor alloying elements to a
satisfactory level. Carbon, the major element
besides iron, continues to be reduced during a
third period of the heat until a satisfactory
fracture test has been observed by the melter.

STEEL PRODUCTIOr PROCESSES
The bulk of steel production is poured not for
castings but into long tapered sauare shaped
molds called inaots. Tricots are an intermediate
process, sir-ilar to that of casting pig iron, between
chemical retallurov an0 mechanical metallurgy.
Castinc,--,, wlen f-e- --e nouro(1, retain their absorbed
and tr,i 1)(,(' (.,1:;.,, o _);,, dc.(c,e evpn whc2n properly
venter' . Tngot pol0s are :lesioned to lead impuri-
ties anc' oases toward the ton of the cast where
they can be removed oasilv by a process called
''cropping."

in



When ingots have been prepared properly the
steel is reduced to a designated shape through
rolling, forging, pressing or extrusion.
The rolling of flat material to thinner thickness
is referred to a rolling strip. When strip steel
is slitted into narrow widths and rolled into coils
it is known by either strip or coil Wide strips
are usually cut to specific lengths for convenience
in handling.

When these strips are wide and also thick, they
are often called plates. Similar sections of
tool steel that are thicker than the number sizes
listed for gaging sheet steel are often called
flats. When cut into convenient lengths, the lengths
are called bars.

COLD OPKING OP STFEL
Hot working of steel can produce finished shapes
within specified limits of accuracy. Cold work-
ing processes continue to compress and strengthen
material from which the scale has been removed.
With no heat applied, cold rolling or drawing
becomes a finishing process both as to surface
and as to dimensional limits. Machinists should
know the capabilities, limitations and strains
set up within cold worked materials. Strains offer
little trouble if cuts are balanced so that equal
cuts remove eaual stress I.'om opposite sides.

TOOL STEELS
Tool steels with the exception of drill rod
have a decarhorized surface, even though care is
taken during the annealing nrotess. Tool steels
are always annealed because of the work hardening
effect mentioned earlier. A surface cut to speci-
fied depths according to size of material should
always he taken to remove surface material not
likely to harden. In similar miner, tool steels
which have been forged require annealirig before
accurate cuts may be made.

114
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rTLATPD
INORMA"lIOr

TIE: Manufacture of Steel

Heat Treatment and "lasting of Materials

Machinist

IECTIVE: To acquaint the student with the different pro-
cesses of proeucing steel.

-''EPENCE: 1. Tool Steel Simplified. Carpenter Steel Co.

TRODUCTION: The word "steel" is a most inclusive term which in
shop languaac, often refers to metal in the iron-
steel family.

'FORMATION: Steel is pig iron refined to specifications regarding
purity and strenath. Steels are, therefore, often,
classified according to charical composition. Plain
steels have carbon as the allovina element. Ranges
of carbon are: Low (0.70-0.30), Medium carbon steels
(0.40-0.70) and the hardening variety (0.80-1.50),
often called tool steel.

Steels are frequently named according to the proces-
sing they have passed through. Some of these names
are: electric furnace, open hearth, Beasemer and
crucible. Other steel names, depending on use are
structural, snrina, rail, boiler plate, armor plate,
free cutting, screw machine stock and others.

Common shapes are rlatos, shoots, strip, wire and
bar. Piechanical processing often utilizes specific
kinds of steel. Hot rolled, cold rolled, cold drawn,
foraina, extrusions, machine, electric, drill rod
and hirh spend are terms which are associated with
certain rualitins and conditions.

Each metal has its own sot of rnecifieations,
recognized a:.pearance and nualiticr, working condi-
tions and lilitations. rindinn out how and where
each steel is rade, used an0 torhc-1 is important
because steel is an essential metal in production.

"5



CITIRATION St T

7b Grind A General Purpose Turning Tool

BEST COPY AVAILABLE
Irsn7": Tatho

-1;:hinist

71,1 the student practice in grinding a general purpose

t.l!rrinr: tool bit.

.-! --,,, 1.-:)vtr grinding of lathe tools is an operation with which the

t..-p rust become familiar. The angles at which a
nerforms best should he noted, and these shou1:1 be dupli-

., on cutting tools of the sane type. The Etortance of relief
-lerlrance) and rake angles should not be overlooked.

. 1-..r and Oswald. Turning Technology. New York: Delmark Publish-

Chapter 6.

PP-177 1. r'o-orn the toolbit firmly and support the hands on the grinder

. Y1 rest.

','iunt the position of the toolbit blank and grind the cutting

odo. Step no. 1.

"a-. the sare time, tilt the bottom of the toolbit in and grind

fhp 6° - r30 side-relief angle.

C.nntinue grinding until the side cutting edge is approx. 7/16"
t% 1/2" long and the point is about 1/4 the width of the tool-
Ht. Step no. 2.

:Ad the toolbit freouently in water so that it does not over-
-at during the grinding operation. Over-heating may dannge

NCrP: Stellite and cemented-carbide toolbits
never be quinched when being ground.

in.-4 the end cutting elge so that it forms an angle of less

:IV with the side cutting edge. Step no. 2. The tool-
: ;hould be held so that the hack e8d is lower than the point.
nis '-ores the end-relief angle of 22 at the same time.

7 :A ntn.1 thr points slightly, maintaining the same end and side
angles.

le the toolbit so that it is approximately 450 to the axis
'.nn wheel and tilt the bottom of the tool bit in so that
rirlf! rake of about 10%12" is ground on the top of the

m11-it. Step no. 4.

zhe ruttinv tae anri the point of the toolbit with a
0i3str,no. This r* .11K-es a keenor edc:e and a better sur-

of "le tcesii)it.

1



BEST COPY .1AIMIABit
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"'ITT::: To Mnurl Tbrk in the Lathe

JfItho

f1;77:11t71:C7`

OPMATICTI Slitr

BEST COPY AVAILABLE

:7ive the student practice in the proper procedure for knurl -

inc,.

.c..D-As and rachine parts have knurled surfaces for ease

' Knurlinq is done by embossing a regular diant-
C.1'! rattern on the surface of work, revolving in the lathe,
with a rair or rollers having serrated surfaces. There are

t!ree crrades of knurling rollers, course, medium, and fine.

.icholson, Fred. shop Theory; New York: Pict raw4lill Bock Cb.

1%,% - Chapter 14.

:70:7 : r: : 1. the limits of the Knurl on the surface of the work.

2. the Knurling tool so that the top roller is the sane dis-
tan'e above the center of the work as the bottomr roller is

1-4.1!1'7 the center of the work. The serrated faces of the Knurl-
rellls arc set parallel to the surface of the work. (See

rjr:. 1). rriahten the tool post screw so that the knurling

tool will not slip.

59'

7.....-:-....7----._
,...........,....

/ .0. s_.....1,...0.
1 --

,... ........

'...... `'.,. - .

.......

AN:A.4: A= ANGLE': C

of the lathb he]ord 100 RPM.

revo]utica.

3:h feed controfftive the knurling tool inbopcsi-
t!-.0 right end of thmsnrtion to he knurled.

the lathe.

4



Bbi Wr1 WARBLE

7. rorce the kn'irlino rolls into the worh with the hand cross feed
to a depth of .010 .015 of an inch.

fi

^r".-re the fecvi clutch and let the knurling tool traverse the
surface to he kmirlocl.

Use plenty of cutting oil on the surface that is being
.

l'x'n the tool. reaches the end of theportion to be knurled, stop
tho lathe. Do not, back the tool away from the work or disen-
gage the feel clutch.

c74-70r: If the tool is hacked out or the clutch disengage the
Imurling rolls 1-ill not tree'.: on the next nass

111. 1 f t. he knurl is not 1-.pen enough reverse the direction of the

(7'rry: A11,,wr stop the lathe before reversing the lathe fee.

nta rt. th, 1 ti roreo the hniirli no roll s into tliework another

.01.5 of an inch. Apply plenty of cutting oil to the
su.rfac of the knurl.

.-rye e1-c\re steps way be reneated if needed to produce the desired
(",,nt-11 of

OF KNUPLS
SET FI;;ALLEL TO
SLOE CF MORV

DOUBLE
(INCORRECT)

-CORRECT IMPRESSION



r ! ;rill

f'

0DrrwrICE:f ;17-.1-7-1

BEST COPY MAKABLE

r:1 1 :i11 irles-1 r to sharpe_n a twist drill by

,..-1, a drill rust he shrapened to the correcc. point
(c 1) iry tht, c-uttinr, lir haT,7e the pror.e.r

ancilP or the to cutting lies
s.pd longth ne tl (2 Mit:tiny lips must he &mai.

dri:11 )r shal7eno,-1 !A' hand on the bench
ri frit alui-intr' ririroing

". "^ tr! 1 r rr)1 r: and, Practice.
. ' itnd fic.:Y..rioht Pub. Co. Unit 2

._ re star to vx--ar (-locales 1.?her grineincl.__

1-110 ro that the cut-tin :1 lir is narailel to the
thc, cI'ne.-13 (-rind lip until brioht metal shows all
FiCTOSS.

'jr:. ,)
r, }' careful not to net the drill hot
r ...I J i C.:1a.r1C1r.'S, cnior as thi.s T.:ill destroy the cerrpc.--?r-

(11!"4:it10 (7 Cir nin the drill point in water fre-
--.-!;t:is to hi-sir.' keep *t cool.

(2Q/50 fa '1

o'fAti4.
-"? ,

.
. '

ri
.- A

V

C71'';' t-2.to

Fig..2

(min ry)ir,t cracto. If the angles are
1 -with, "

1, -1:th t:k i -)S; are coi.--r:.Kt.

i cl 0-tranr-o, P. to I rlecrreos on on lip. T03d

6
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4.

BEST COPY AVAILABLE

the drill with the rake angle up against the wheel and rotate
the drill to the right, pressing it against the wheel so that
the grinder reroves liztal from behind the cutting lip. (See Fia.5)
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Fig. 1 Fig. 4
6. rse the vu- e procedure for grinning the lip clearance on the

onposite ]in.

. Pecheck to sec that the lips are the same angle and that the
lies arc? the se length. If not regrind until they are.

Pig. 5
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1100Y CLEARANCE

MARGIN

- 4 -

CLITTNG f DGE
Olt LW

DEAD CENIR
OT WO

BEST COPY AVAILABLE

I

(A)
tOTH (WS mUST BE

Al THE SAYS tir r NGLE
AND Cr MUM LENGTH

Hoc? WALIRIALS AND STEEL *AeLS
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OPMATIal SHP:f7'

"hread Cutting
BEST COPY PARABLE

Lathe

orr77nrrI(17: ;1,--tejnist

0;,C-r7r: r7- ,lc,alaint the student with the proper procedure for setting up
r:alc7,:latir)r- and cutting machining a screw thread on the lathe.

1-711.1.7 :Cr: 1. Anderson-r-atro. Shoj r7heory New York: McCraw Hill Book
Co., Inc.

"A') operate the lathe successfully you as a student machinist should
x,t teols and mal:e necessary machine adjustrnts to familiarize
vrAirself 7.i.th the operation.'

331'0771,1vrTCPT: 1. The single depth of the thread should be calculated by the
fore ul a suitor' to the kind of thread to be cut.

Pitch x 1/4 will give the amount to feed in on the conpound.

Z. Set the compound slide In degrees to the right (for right hand
threads) .

A. Set the tool bit square with the axis of the work using the
center gage and on the center line of the work.

rear the lathe for the reguired number of threads per inch to
be cut.

6. ?'rash the 1.orn gear of the chasing dial with the lead screw and
determine of the lines are to he used.

7. Start thelathe and touch the cutting tool to the revolving work.
1!),-: graduated dials on the cross feed and corpormi slide

+r)

'adv.'s have an adjustable stop to prevent feeding the
c»1 too far into the work on successive cuts. Set the stop
at this mint.

1:1111 cotti nrr tool off the work a short distance from the
end :x:o it is in the clear. reed the tool .nfr)." to .0ov

(1 firx-2r) using the corrofind slice. It is better to feed the tool
on noccessive cuts with the oarnound slide. The tool cuts

on one side only and produces a smother thread. The cross
:,...:rryq is used to nu11 the tool andre -sot the tool against

hr, sten after each cut.

Pi.th the 1 a the runninl, engAgo the half nut at the correct
1-1'" .gild' rr+- c t.

1' 1 'i cuttino tool and discno*Ano half-nut from the lead

;:r-Trdl retIn-n the carriage to the starting position by hand

9
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that tho corrrct. nIvnher of threarls per inch are
Ir'
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Int(Irn::1 -"hreadinc! on a Lathe

""rr-sd° rT1-,c.r5rTsrs

OP:01?,ATIal SIT.E.11

BEST "P"" r"It ABLE

r-1-) t'-1) F.:tlor.nt practice in the proper procedure for inter-

cn the lathe.

T""210:vr-Tr7': in`---o.1 threads are finished with a tan; however, if a
of tar is riot availehle, or when it is essential that

i.s exicrnt-xi with the rliareter, it rust be cut on the

rt----srsrsr-ssrsTs rr.7a i c1. r"urnina.'"echnology. flew York: nelthar Publishing

3. ra 1 cur Ite the' tap drill size.

2. :bunt Nnrl: in a collect, c uck, or on a faceplate.

'gill a hole approximately 1/16" smaller than the tap drill
Si 7.0.

horina bar and bore the hole to calculated tap drill
!;1.7.e.

rptint-er1r)re the end of the hole to themajor rliamter of the
thread or a distance or about 1/16". This serves as a guide
to the denth of thread during the threading operation.

6. l J the Inle threaded does not go throucxh the metal (a
"h.ele), it is necessary to cut a recess at the end of the

thread to Provide clearance for the threading tool at the end
of the cot. ''his recess should he cut slightly deeper than the
n-ior diarrter andshould be wide enough to Permit the toolbit
tr-, clear the thread when the splitnut is disengaged.

7. Fet tho eorround rest to 2D0 to the left.

P. F.et thr, (- c`: -chance aearbox for the correct number of threads
r l nch

Fat:a-c t:ho lead screw.

1.0. 7'olint a threading tool in the horina bar and set the point of
Hie nn center. The boring bar should he parallel to the
ron4-eri ine of the machine.

11. the tlu-eadina tool with a center cage.

t Ix' ;,firer,, .:1 ,}fordo; he fititnKed oa the
-: tx r, --rom the threading tool. When this mark

e"r.s.ri t-.2- 4 left cane of the vnrkpiece, the split-nut
diqrsntram-yi.

12



BEST CLiFt AVAILABLE

13. Start the lathe and turn the crossfeed handle until the
r,e!n of the tooihit touches the diameter of the work.

14. Set the crossfeed and compound rest graduated collars to zero
clear the cutting tool from the hole with the carriage

15. "lirn the compoUndlrest handle counter- clockwise to move the
tonlhdt .001 - .005, and take a trial cut.

1C. the en0 of each cut (Olen the mark on the boring bar is even
i th the edge of the work piece ), disengage the split-nut

ic,\,:tr- and turn the crossfeed handle clockwise to clear the
t-o01)-it from the thread.

17. reeve the carriage to the right until the toolhit is clear of
wnrk.

(-,,,ck the nitch of the thread with a screw pitch gage.

lq. Pet:urn the crossfeed handle to zero and set the depth of cut
1w feeding the cminouna rest counter-clockwise, about .010
to .015".

70. siccflsive cuts, decreasing depths until the thread is to
the prepor denth. If the point of the threading tool is the
re-rre width, the amount of compound rest feed can be calculated
by ape-lying the following formula:

cerround rest feed .750

.750

10

.075

21. 7'.,1 the thredd hecorres deeper, it is necessary to decrease the

aTont nF corround rest feed to decrease the spring of the hor-
irq ha-. The last few cuts should only he .001" deep in order
te) rYljr-Annte any snrinq reraininc, in the bar.

)1 rlere the thread 6or fit with a thread plug gage or a bolt.

13



ioLOER

TOOL

. THE COMPOUND REST IS SWUNG TO 29°
TO THE LEFT FOR CUTTING RIGHT-HAND INTERNAL
THREADS.

INSIDE RECESS

FRONT RECESS
MAAR DIAMETER

BEST COPY AVAILABLE

T4iREADthICI TOOL

A RECESS AT THE FRON ' AND BACK OF
HOLE IS DESIFIARLE WHEN INTERNAL THREADING..

114



BEST COPY AVAILABLE

ra-TivkTial sr c

.'nrincTI:indinci on a Lathe

Tathe wo,-1;

OCCUP.TATICr : Pachinist

OlV7C2P,7:: 7r, cdvc the stuOent practice in winding mil springs on the lathe.

rrroDuc21-c::.: often recItired of the machinist is the making
or Tf i1 spring winr'incr machine is not available.

Tn sprin9 or music wire is wound around a mandrel
or the r-ope:-.' cliareter in an operation similar to left-hand thread

rrrnTTC" 7C," Or7./alc'',. 'naming 'rechnoloc:y. l!ew York: Delmar Publishing
co.

^7rcrN77.: 1 V."-, correct wire size, mandrel di ze, and the ntrber
coi.ls per inch from :',achinery's I:anelx)ok.

t: v' r-,-Terel either hettleen centers, in a drill chuck

zr):.;14.:co in the head stock or in a 3-jaw chuck.

1. Fel thelathe sninelle speed to about 50 n.P.n.

Fot 1-1,o feed diretional lever for 1pcthand threads.

), r'-t croaelex on the lathe to the =mired ntrt-
lr.r of threm's per inch. rrr717: After the spring has been

the tension is rernveci, the spring expands and elong-
atc:r, so that it is lairTer with fewer coils Per inch. It is
therororr_, nec:cssary to allow for this action when setting the
ro':inc. If six coils per inch arc recuired on the finished
::^;-I.no, it is necessaty to set the c'uick-change gear box to more
than si::, rossi!)1v seven, threads per inch.

:r : ;1 wire guide block with the v-slot on the bottom in a
-In,: offset /attic tool holder.

cuicie block can he made fron a piece of 5/16"
ruare cold rolled steel with a shallo v --slot cut

1021::t.!,...i sr! to guide the wire. 'Pension can he arrlied to the
4.:11.n the tool )1ole;or screw.

7. ftr/r. cirri;:co until thecnr of the tooiholder is opposite
:1( ! sir in t21(5w-inflrel.

ilficiont wire aric? fecN1 it throuc'h the v-slot in the
4: of thn

tc:nsion on the spring wire with the tool holder screw
;:pn rn-rtcre the .elnlit-nut lever.

10. ;:t...1;:t 4'.: !::.:chino and carefully let the wire feed 'through the
linttl. the Oesirerl lonatli of spring is cynuncl.

15



BEST COPY AIRILABLE

11. Shut off the lathe and then disengage the split-nut lever.
NOTE: If the spring mist have close coils at either end,
it is necessary to start the lathe and then engage" he split-
nut lever at theleft end of the spring. Mien the spring is
the desired length the split-nut lever is disengaged and the
machine is shut off, after sufficient close coils have been formed.

12. Release the tension on the spring by loosening the toolholder
screw.

13. Using a pair of nippers, carefully cut the spring wire between
the mandrel and the wire guide block.

14. Cut the left end of the spring with end nippers.

.

Iiistio\HOLE FOR WIRE

4

'4t's... :lc

MANDREL

..!

THE LATHE SET UP FOR ONE METHOD OF
WINDING COIL SPRINGS

yi

16



TITLE:

UNIT:

CCCOPNTICTI:

omirrravr.:,

To Harden and 7err Carhop nbol Steel

float "'rratinc:

n-ichi 214 rt

To (7ive the practice in hardening and t-pering carbon
tool ster.11.

OPEPATICN Slt:ET

r," AVAliME

MrTMICrICri : physical properties of steel. Carbon is
the olcn`-, to he hardened when it is heated
to it.n critic') t.e:,-1.,:s-ature and cruonched in oil or water. This

pro.-1-, 2 the I. --.y.irrr,r0;1-..arcl.riesss'iin the steel. 4Popering
:--t,:;cur:: the (1K-Trr471 of hardness of desired and

to re] ret,-1 of strains and brittleness from hardening. In
i.s ro1)eato-1 to terperatures varying from 400

to and cooled. steel is terpered
c°1- TI-=',*r.Cx1 the fo13 aging color chart may be ustA to

pl-rr Q2- trirperino terperature to use for the of
ar rlr;

p Color

Licrilt yellow
3,;4,-it straw

41:r: Trk stre.v:
491 hricrsqn

525
545
n,o)

VioleL
Pale TIlur.;

Use

Cutting tools for lathes
Drills, reamors, milling cutters
Taos, dies, hacksaw hladss
Hamer faces, rivet sets, wood
chisels
Center punches, scratch awls
Cold chisels, knives and axes
Vtenches, scre4 drivers, hammers

Porto-, P. It., Titte, and Lascoc, 0.,D. Machine Shop 01,era-
tie:n nnel s. Chi mcr): .7,:rnrican Technical Society. Ch. .L2.

1. T;oht ;ir.(1 rl1Ut the fro-roice.

2. 17-r to-,::<; ar ! place the vork in the furnace.

5.

4-- hrninq tr-Tr,Ez7;ture (1450 deg. F) which i3 denoted
L., a full

and "..y-r.ch in water or oil, according
to the t c'! rsed.

70st for t.-i1-1 ; with a file. If it is properly hardened the

. `..1, 1-'07-f.1(' of the hart'^ned piece so 1-..he
t ;,; r-) vrel

. .t; hc.)1cli:ig the 4:ork so that it is
ch e preper color to appear.

n Lc.; rathro InS beer roachcyl, quench the piecx..1 in



BEST CON AVAILABLE

JOB SHEET

TITLE: TO MAKE A DRILL DRIFT

UNIT: BENCH WORK

OCCUPATION: MAC-II-NISI'

OBJECTIVE: To de7clen skills in the use of some of the
more co:non types of bench, layout and power
tools.

INFORrATION: A (1'7111 lrift is used to remove taper shnnked
drills from drill sleeves and drill press
moindols.

SPECIFICATIONS:

DRILL DRIFT NO. 2

FATERIAL: Cold rolled steel i"xl" flat stockx6" long.

'1:00IS AND EQUI=2: r().4erhpclu3aw, drilli,rer;s, bench rice,
combion s.,70:are, surface plAte, prick
punch , :3,111 or '-i hanner,diriders,
cene ,. niu ink, 10" flt double cut
bastnd file, P" ':]at single cat smooth file,
radius szpo, i" drill hit, a 6W:degree
countf,rnink and hqn1 hncK saw.

PROCEDURE:

1. Select stock as speolfied

2. Cut to :ler.;th with power hack se,w.

the '(%-ch vlsG and remove
burrs th rile.

4, os.? to ftv'ont. from

6. Locnte center cf i" radius and prick punch
;There



7. Set dividers to radius and scribe the arc.

R. Scribe a /A" line from the end as per drawing

9. Scribe a line to form angular side as per
drawing.

10. Locate carter ofhole to be drilled on opposite
end.

11. Prick ounoh rat the pointwhere lines intersect.

12. Set dividers to 40' radius and scribe the arc.

13. Center punch location of hole to be drilled..

14. Fount work on drill press and drill i" hole.

15. Countersink each side of hole 1/16" deep.

16. Grip work in vlse for sawing.

rote! Use scft vise laws to prevent marring
work.

1?. SQW off corners of radius and the angular side
eAth hend hack sets.

Trot e: Teeve kt least 1/32" of material along
the line to preserve layout.

18. liocch file to ]in with a 10" bastard file

19. Roo :4h file radius on edie,es as per drawing.

Note: Check rafiluson end and edges with a
radius gage.

20. Finish file with a 8" single cut smooth file.

21. Inspect ns per drawing.
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TITLE:

UNTI:

OCCUPATION:

OBJECTIVE:

JOB SHE-gr

TO MAKE A TINNERS RIVETING Bmilm H EIESTCOPY AVAILABLE

BENCH WORK

MACHINIST

To develop skills in the use of the more
common types of bench, layout and power tools.

INFORMATION: The riveting hai%er is used in sheet mcL l :calk
for heading rivets.

SPECIFICATIONS:

TINNERS RIVETING HAMMER

MATERIAL: Cold rolled steel 3/i4 x 3/4" x 4 1./8"

TOOTS ArD EV'Pri:=: Power hack saw, drill press, benTh
vise, corbination square, surface plate,
surfae gnge, scribe, prick punch, center
punch, ball Thlen hammer, layout ink, hard hack
caw, Y16" drill OIL, counter sink, radius
gage, 10" flat double cut bastard file, 8"
flat single cut smooth file, 3/8-16-NC tap and
tap wrench.

PROCEDURE:

1. Select stock as specified.

2. Cut etock to length with power hack saw.

3. Hol6 work in frt bench visa and remove burrs with
a

Note: Y7F,,. .oft vise laws to prevent marring
the work.

-)nr: (.nri of 4. he rcl-IT pi col to layout from,

5. Apply 7 ayout ink to th.c- work piece.



BEST COPY AVAILABLE

6. Using the squarod end as a reference point
locate the center ofthe 1/16" radius and prick
punch.

7. Set the divIderr: Rt 1/16" and scribe the arc.

Note: Layout both sides of the material.

8. Scribe a line 24" from the end as per drawing.

9. Scribe a line for the angular sides as per
drawing.

10. Locate and scribe a line 114:" from the end on
all four corners as per drawing.

11. Locate and scribe the 3/32" points on the end
on all four sides as per drawing.

12. Scribe the dia:clonal lines from the 1k" marks
to the 3/32" linrIF.s as per drawing.

13. Locate the center of the 5/16" hole.

14. Center punch the point where the lines intersect.

15. Grip work in the vise for sawing.

16. Saw off the ar.4;ular side of the peen with the
hand hack saw.

Note: Leave at least 1/32" of material along
the line tc preserve layout.

17. Rough the anclr sides of the peen to the
lines with a )0" bastsrd double out file.

18. Rour;h file th- recd us on the peen end with a

rrte: Check the radius with a radius gage.

30. rich file chn-ferr on the face end with a
1fl" bastnrc eut file.

rote: Clv.ok nnrr,le of chnrfers with a
com'olnatIon scuare.

20. Drill the 5i :6"

21. CounterrInk or Loth side-5 1/16*.

22. Tr:r. -1 C.

fYle -11th a P' smooth cut file.



24. Polish with emery cloth.

25. Inspect es per drawing.

N
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TITLE: TO MAKE A STEP GAGE

UNIT: LATHE WORK

OCCUPATION: MACHINIST

OBJECTIVE: To develop skills 'of straight turning,
shoulder turning and knurling.

JOB SHEET

BEST COPY AVAILABLE

INFORMATION: Straight turning, shoulder turning and
knurling are basic merationsthat a machinist
must know how to perform.

SPECIFICATIONS:

MATERIAL:

STEP GAGE

Cold Rolled Steel 1 1/8" diameter x 6 5/8"
long.

TOOLS AND EQUIPMENT: Porter hacksaw. engine lathe, 3
jaw chuck, facing tool, right hand turning
tool, tool holder, center drill, drill chuck,
1 i" lathe dog, dead center, sieve for dead
center, live center, drive plate, ,steel rule,
hermaphrodite calipers, cut off tool,
knurling tool, micrometer and abrasive cloth.

PROCEDURE:

1. Select stock as specified.

2. Ctit to lnngth with power hacx caw.

3. Mount work on lathe in 3 jaw chuck.

4. races rnd squ-ire and centPr drill.



5. Reverse the work in the lathe.

6. Face the end square and to correct length. BEST COPY M ILARLE

I

7. Center drill.

8. Mount work between centers on the lathe.

9. Rough turn end for handle for at least 2 13/16".

10. Finish turn to 3/4" diameter.

11. Unde,.'aut 5/8" diameter with cutoff tool for
5/16" long.

12. Knurl with either medium or course diamond.

Note: Use plenty of oil.
Set correct speed and feed for knurling.

13. Reverse stock between centers and use 7/8"
lath do.

Note: Use brass under srew in order not to
mar knurl.

,42,-......

14. Rough tlIrn large 1" diameter,

15. Finish turn 1" diameter with no morethan .002
or .003 to uolish with abrasive cloth.

16. layout 1" length with hermanhrodito calipers.

17. Roll:th turn 7/0" dlameter.

18. Finish turn 7/F" diameter with no more than
.002 or .003 to 1)..)Iir:h with abrasive cloth.

19. Rereat step 16.17 and 18 for the 3/49, 5/8"
1/2". 3/r" and 1/4" diameters.

20. Cut i" excess length off with hand hacksaw.

21. Fqce err, to correct length.

22. Break all sharp edges will mill smooth file.

23. CIA chamfer on handle with lathe tool.

24. P; >'11 ,:h wIth alirn:;lve cloth.

V,. Troc; r,c; t-c-r rirlWnv,.

t

1

1
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JOB SHEET

TITLE: TO MAKE A HAMMER HANDLE

UNIT: LATHE WORK

OCCUPATION: MACHINIST

OBJECTIVE: To develop skill in straight or taper turning
on the lathe.

INFORMATION: StralF;ht and tapered turning are basic
operations that a machinist must know how to
perform.

SPECIFICATIONS:

HAMMER HANDLE

MATERIAL: Cold Rolled Steel 7/8" diameter x 9 7/8" long.

TOOLS AND EQUIPMENT: Power hacksaw, steel rule, engine
lathe, 3 law shtick, facing tool, right hand
turning tool, tool,holder, center drill, drat
chuck, 7/8" lathe dog, dead center, sleeve,
live center, drive plate, knurling tool, out
off tool: 31/64" drill bit, 1/2" reamer,
3/8'-16-NC die, die stock and micrometer.

PROCEDURE:

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Mount work on lathe in 3 jaw chuck.

Note: cheek lathe chuck to insure it is running
concentric.

4. Face end square and centerdrill.

5. R.,verse work in the lathe,

6. Fano end to correot lenp:th and center drill.

7. out wcsr -,,Awf,en ortnters.

8. Mal:e At Leant R 6' ,oughlna. cut.

Note: Check for taper

11



9. Finish turn to 3/4" diameter.

10. Knurl handle for at least VOt.

. Note: Ilse plenty of oil
Set correct speed and feed for knurling.

11. Cut knurled end to 0.503 diameter long.

12. Reverse stock in lathe and use brass under screw,

13. Rolus-h turn end to 3/8" diameter 3/4" long.

14. Finish turn 3/9" diameter.

15. Set lathe up to cut: taper

BEST COPY AVAILABLE

Note: 1. Use either the tailstock offset method
or the taper attachment.

2. Fake caculaions accurately.

16. rou.shin,-;- cut for a distance of at least
4" wi_th 3P" nmall diameter and 5/8" large
dln:zr:ter.

17. ';he :k ta.00r carefully to insure proper taper
Is bein,; cut.

18. Finish turn taper.

19. Cut chqmcher at end of knurl where the taper
and Knyi

20. Flace knurled end in 3 jaw chuck protected
with brass or in ri col)gt.

21. Cut, ol'f 1" of handle with cut off tool.

22. Fane end of handle, center drill, drill wh
31/6/J drill 3 V4 !Ind ream 1" deep with

23. Face end of can and cult 45 degree chamfer.

24. Z.:ut 3P-1(-:Inthread with die and die stock.

ntp: .010nty of

25. c:1:-, Into (n.4. of h,,ndle.

26.
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TITLE: TO MAKE A nun BOP

UNIT: LATHE WORK

OCCUPATION: MACHINIST

OBJECTIVE: To develop skills in the use of the lathe.

JOB SHEET

BEST COPY AVAILABLE

INFORMATION: The plumb bob is used in construction or
building trades to determine if the item is
square with the ground or floor.

SPECIFICATIONS:

PLUMB BOB

MATERIAL: Cold Rolled steel 3/4" Hex stock x

TOOLS AND EQUIPMENT:, Power hack saw, 3/4" hex collect,
3-law chuck, engine lathe, lathe tool, 3/8"
radius form tool, lay out dye, center drill,
3/32" drill bit, 3/16" drill bit, drill chuck
drill press vise, drill press, 8" mill smooth
file, hermaphrodite calipers, micrometer.

PROCEDURE:

1. Select stock as specified.

2. Cut stock to length with power hacksaw.

3. Face end square in lathe.

4. Center drill end of stock,

Note: Use No. 2 Center drill.

KL Drill 3/32" diameter hole 11/64" deep.

6. Apply lay out dye.

7. Scribe a line 3/8" from end with hermaphrodites.

8. Machine to i" diamter with 3/8" radius form
toe.1

9. Scribe a line 1" from end with hermaphrodites.



BEST COPY AVAILABLE

10. rnchine to 57." digter with 3/8" radius form
tool lincA 1 from tied.

11. Scrilv, A line:. 2 11/16" from end with hermaphrodites.

12. Tun: ,.t,-, arr,:.,1 1.n ti16. lathe.

13. ::c..t cmnluound rest to cut correct taper.

14. :clellne tam r.

15. invout per ''rawin for 3/16" drilled hole.

16. ,:rntr-r Duncl' hole.

17. L!nl-'st,,.--sk in drill vise.

18. .:enter' drIll and e.rill 3/16" diameter hole.

1%. r()11c-h ir lnthe t: :,ult.

2,''. -.r.:1 fli(, fkm!.-1 -i-1 flat surfaces.

21. lrsrect as Per Irro.-Anc,-;.
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BEST CON AVAILABLE

JOB SHEET
TITLE: TO FAKE A V -BLOCK

UNIT: MILL WORK

OCCUPATION: PACH1NTST

OBJECTIVE: To develon skills in the use of the more common
types of Lerch ond lyout tools and the use
of diffelmnt types of cutters on the milling
rAch4_ne.

INFORMATION: :ire rery useful tools for machine
shop 1-7ork. They are used for drilling holes,
holdin round material in the mill and :stumer
vises, and for bench and assembly work.

SPECIFICATIONS:

V -Block

MATERIAL : Cold Ro11Pd Steel 1*" x li" x 3 7/8".

TOOLS AND ETTIr=: hlcksaw, combination square set,
sur'nce nlste, crags, layout dye,
scriner. 1;a13 neen hP7mer, center, punch, 8"
mill snoth file, bevt.1 protractor, HortEontal
mill, vertical r.111, 1/16" mi.11 saw, *" end
rill or j" horl.zontal cutter, 90 degree form
cutter.

PROCEDURE:

1. Select stock as specified.

2. Cut to length with polwPr heck sew.

3. Orir 1Terk In the bench vise rind remove all
burr:.

4. Sou!-:re en(': of stock either in mill or shaper.

5. Sonr,r t.vo or stock.

6. !::.0-11 rof:' 11: vmounts off of
0thr.r tlion 1,?

' ofl
' , k



BEST COPY RVAILABLE

7 I1.; ,:,ot .y -, to .1- -,: t.c(1.

P. Lnv out t-.1-le two ors, 'i4!;-roe V's as per drawing.

0. Ily:-:t t.):- trl i/M" x 1/1" fillet releases.

10 Trcinut tt' twz ;" x 1/32" clam slots.

1, lChIrm ',IP 1W' 2,0 ,4.,...-ree 7's as ner drawing.

(-)f ''.--ove ,,11 ''--r.r nfter each machining
wit') rlis smc,c1th file,

12. ret:-... t',, V1" fIllete,

13. :,,q(q-A th,? :" x :1/32" clarn slots.

14. inqneet -..s. p..--T. rirw4inv.

15. S,c: Th n 1Lto two oqual nteces.

E.., wrl --,M±ne to correct length,

le'. -A-!1 -'" ->- '/c.'" y .f" 216t on one end of
c-,-. hi-c.%. - ,

tirv'l rn1',.

Et:
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Bi.::1 wPY AVAILABLE

JOB SHEET
TITLE: TO MAKE A V-BLOCK CLAMP

UNIT: MILLII: 1,'AC:ii!:E AND LATHE WORK

OCCUPATION: YACHINIT

OBJECTIVE: To develop skills in the use of various machines
and seqw.nce of oDerations.

INFORMATION: V-Iiic,a claps ar!, used with the 1T -Block to
hold ..orK in V-Block while various machining
operatlors o,. bench and assembly work is being
done.

SPECIFICATIONS:

V-BLOCX CLAMP

MATERIAL: Cold Rolled Stiel x 1 5/8" x 2 7/16"

TOOLS AND EQUIPYT:7: Power ha.,:tk saw, milling machine,
layow: dye. scri;.c, comblnation square, spring
dividPrs, prink nun01, ball peen hammer, drill
pres. center.d1.-ill, oporopriate drills, band
saw, 10" f]3t do;,I,1c, ollt bastard file, 8" flat
mill riT:onft 1:10, -,"--2.!')-F tap and tap handle,
engine 21-71,-, 3 1FF chuck, facing tool, right
hand tul-nkr,7 tocil, tool holder, drill chuck,
steel rulA, 1".-fra:1':zo:_lite calipers, threading
tool, kr1r_ipa. tool, micrometer,

PROCEDURE:

1. Select, stock ns specified.

2. Cut to 1.11(ctll, wtth power hack saw.

3. 5r, Jaro en.: s.: xachine to length on mill.

4. 1,uply Iry out dye.

5, Loaat c,--,i,,,f of 5/8" radius and prick punch.

6. ,-3,:t srr (fiviers at 5/n" radius and scribe
arc.

r.

7. :3,-t-,
rr' -.- ..0.v-146.- et 13/16" radius and scribe

)t,f: -p,-o-lt 't..n sIdes of material.



BEST COPY AVAILABLE

; 4-).) of clamp P..," each side
of

10. :s.-.s.rt br. I

:411A certer line of
.

rrom edge of clamp

11 . -1' 1r) rror- torn of clamP

l2 o..!.cs 1.^1,-, to taoe(1 am! center

13. .

-1 n

. ' :[)er! th no. 3 drill and

oil while tapping

1'. 1" 01-111, 1" drill and
1

(11. -; p.A through
t o') ln mil 1 and

-"^r for better results.

. 'T.

rW.crial along
layout.

or ,.,T1 t h a s tard

1,1 `Th" sa:ont.in cut file.



BEST COPY AVAILABlf

FATERTA: 1101 " 01:'r x 3" long.

poCETYS

1.

2. 11Rcksaw,

3. tri 3 jaw chuck.

5. -; 1r the "Lathe.

6. ter drill.
fra..

i'10 '3,/1:"

, 4 +11 ntr5.p.

fir 1 7/9".

: . nr; 9 slow down 11.P.M., tool to machine

12. vItth taped hole.
c. Mr-,vis with mill smooth

. end and cut 1/32x

3,2
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TITLE: TO YAKE A

UNIT: LATHE AN riLL11 EACHINE WORK

OCCUPATION:

OBJECTIVE:

MACii:Nr?

JOB SHEET

BEST COPY MAME

lo ln the us? of lay ut, mill
eni f".:(3 the sequence of o erations
rif.r3c 8s-lr- to part.

INFORMATION: A "Co clr-n Is etti !311 purpose clamp made in the
shav- 0: - C. It is in general used for all
kinds of

SPECIFICATIONS:

MATERIAL:

"C" CLAM')

FRAY - rioltod tel 5/8"x2"x3 5/B" long,
':711e0 Steel 3/16" diameter x

Co'c 11(11,1 Steel 5/5" diameter x
2 ~'r on

Screw - Cci 11(1',1 Steel diameter x 4 1/9'

TOOLS AND EQU'Ll'?:rT: C(11nAtion square, scribe, spring
Ay., center drill, appropriate

drills, r-nr-m end mills, radius gages,
10" " mill smooth file, drill
przs.qs Irin press, drill chuck, engine

:;.(1.'1:., turning tool, threading
tool. drive plate, V-Block and
°lava: vh-:Ape Dlqte end surface gage.

PROCEDURE:

FHA7,7E

1. Select vtc.6*. snecified.

2. Cut to 1-n;:th 145th power hacksaw.

3. 13,.t UD shaper vise and square end.

4. Re.:-rrift (1 for end.

5. snt n .."'!?4 and shape to correct length

6. An-%

*1 -n,

rwc-.'rtc. plate and surface gage.



8. Locate center of each radius inside "C"clamp,
center punch and tribe radius with spring dividers.

9. -Centerdrill eauweenter of radius.
%

10. Drill radius with 31/64" drill and 1/8"
tadius with 7/64" drill.

11. With band saw out out center section of frame.

12. Place stock intise of milling machine.

Note: Check vise for squarness.

13. Machine inside of frame.

14. Finish file the inside with Aft mill-smooth
Use a round smooth filefor fillets in corners.

15. Layout and centerpunch hole to be.drilled for
screw.

16. Layout radius on dornars and ends per drawing.

17. Layout angle on anvil end of frame.

18. Mount work in vise on vertical mill.

Note: Set up square in vise with anvil end
in bottom of vise.

19. Centerdrill and drill hole with 5/16" drill and
countersink.

20. Tap with tape started indrill chuck with 3/8-
16 -NC tap.

t

21. File radius with 10" flat bastard file.

22. Finish file radius with 8" mill smooth file.

23. Mount work in shaper vise and out angle on
anvil end.

24. File all surfaces smooth with ett mill smooth
file.

Note: Break all sharp edges.

25. Inspect per drawing.

25



HANDLE

PROCEDURE:

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Place stock in a 3 jaw chuck on lathe with 1"
projecting.

4. Round end with form tool.

5. Turn stock end for end with 1" projecting.

6. Round end as in step 4.

7. Polish with emery cloth.

SWIVEL

PROCEDURE:

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Place stock in 3-jaw chuck, projecting 1".

Note: Check to insure work is running ooncentrie.

4. 'Set proper R. P. M.

5. Pace end of stock square.

6. Rough turn large diameter to 21/32" in diameter.

7. Center drill and drill with *" drill.

B. Set compound rest at an angle of 35 degrees to
the right.

9. Cut angle.

10. Set cutoff tool properly.

11. Cut off part 5/16" long.

12. Inspect as per drawing.

SCREW

PROCEDURE:

1. Select stock as specified.

26



2. Cut to length with power hacksaw.

3. -Mount work in 3.. jaw chuck and face end square.

4. Centerdrill end of stock.

5. Turn stock end for end in chuck.

6. Face stock to correct length and cenberdrill.

7. Rough turn diameter of section to be threaded.

8. Turn stock end for end on centers.'

49: Rough turn diameter of head section.

10. Finish turn diameter of head section.

11. Turn stock end for 'end on Centers.

Note: Use brass under lathe dog to protect
finish.

12. Finish turn diameter.of section to bethreaded.

Note: Turn diameter .005" undersize to tnsua
a free fit.

13. Face sholder of head section.

14. Set proper speeds atd .feeds for threading.

15. Set up threading tool properly.

16. Cut thread to fit tapped hole in the frame.

17. Rough turn small diameter or pilot section.

18. Use form tool to cut ball on end of screw.

19. Use form tool to cut radius on head of screw.

20. Place in V-Block and layout hole as per drawing.

21. Center drill. drill and ream 3/16" diameter
hole in head .of screw.

22. Inspect as per drawing.

27
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JOB SHEET

TITLE: TO MAKE A 60 o LATHE CENTER

UNIT: LATHE WORK

OCCUPATION: MACHINIST

OBJECTIVE: To develop skills in taper turning on the lathe
by the tallstock offset method, taper attachment
and the compound rest.

INFORMATION: A soft lathe center is used in the headstock
of the lathe when turning stock between centers.

REFERENCE:

SPECIFICATIONS:

600 LATHE CENTER

MATERIAL: Cold Rolled steel 1 1/16" diameter x 5 1/8" long.

TOOLS AND EQUIPMENT: Power hacksaw, engine lathe, 3-jaw
chuck, facing tool, right hand turning tool,
tool holder, center drill, drill chuck, lathe
centers, lathe dog, layout dye, drive plate,
steel rule, hermaphrodite calipers, micrometer;
taller gate, 10" lathe file, P" mill smoothe file.

PROCEDURE:

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Yount work in 3-jaw chuck.

4. Face the end square and center dr111.

5. Reverse the work in the lathe.

6. Face the end square and center drill.

7. Yount work between centers on the lathe.

P, Arran. latl-e for tuner turning.

tan pttachment or the tail stock
offr;et rethod. Chec1( oaculations carefully.

T,lErs a llzht c-)*, Q. Laperrct e.,4c1,10n.

29



10. Test the taper in n wn. 3 Morse Taper gage.

Note: If taper is not correct, adjust setting
to correct error.

11. Take second cut and test as before. Repeat
until you have taper correct.

12. Rough turn taper, allowing .030" stock for
finishing cut.

13. Finish turn taper allowing .003" - .004" for
filing.

Note: Oake 3 or 4 marks the length of the taper
with chalk. Insert taper into No. 3
Morse Taper Gage and turn clockwise only
and check forhigh spots on taper.

14. File high spots to fit gage properly.

15. Polish )ightly with fine emery cloth and oil.

16. Undercut end for clearance at small end of
taper as per drawing.

Vote: Break ail sharp corners with mill smooth
file.

Note: When tnner shank is inserted in taper
gage there should be a space of 5/8"
between end of gage and beginning Of
60° angle on center point.

17. Remove face plate and center from headstock
spindle.

18. Place tanered shank in headstock spindle.

19. Set compound rest at an angle of 60 degrees.

20. Turn the angle on cneter point which is 30
degrees from center.

Note: Check p.rgle of point with thread center
gage.

21. Insneet as Der drawInK.

*Y)
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JOB S9EET

TITLE: TO MAKE A MACHINIST'S CLAMP

UNIT: SHAPER AND LATHE WORK

OCCUPATION: "'AC"T"::.:T

OBJECTIVE: TO DevoIc,n sVIlls in the use of different
machine3, use of handand layout tools and the
secluenc6 of operations.

INFORMATION: A mRehinist clamp may be adjusted teat a piece
of work by ,aeRns of a screw peissing through the
c 1.tr. emch ,law. Another screw in the end
of one jaw is used to put pressure on the other
JAW. IL is used by machinist for holding
small parts at the bench and at machines.

SPECIFICATIONS:

YACHINIST'S CLAMP

MATERIAL: Part No 1 and 2. Cold rolled steel 5/8" x
5/c1" x L 13/1:"
Fart no. 3 and 4. Cold Rolled steel 11/16
diarreter 7 3 7/Rn long.
Part No, 5. Cold Rolled steel 3/16" diameter
x 2 q/16" lone

TOOLS AND P.QUIFJ-;-T, Power hacksaw, engine lathe, cutting
tool. tool hold.sr, 3 jaw check, 4-jaw chuolc,
combinatIcll s,:,'Jare, scribe, layout dye,
shane:-. V" baster file, 8" mill smooth file,
oenterpmth, ball r ^ ^n hammer, drill press
vise, drill press, drill chuck, center drill,
countersInk. F drill, 21/64" drill, threading
tool and V block, lathe dog and drive plate.

PROCEDURE:
Parts 1 cd 2 JAWS

1. S-lest stock ns sptcified.

2. CI:t to ler;-th with power hacksaw.

3. Place stock in 4-lawchuck with 1" projecting.

Note: 1Pois so stock runs true.



4. Set proper spindle speed.

5. Face one end only.

6. Transfer to work bench and lay out bevel at
faced end of stock.

7. Yount work in shaper and shape beveled section.

8. Lay*it 5/16" radius on ends.

Q. File radius and check with radius gage.

10. Layout and centerpunch holes to be drilled in
jaw No. 1.

11. Place jaw No. 1 on top of law No. 2 in position
they will occupy when assembled and clamp
together.

12. Drill hole with F drill at beveled end, drilling
through liuth pieces.

13. Drill hole with F drill at opposite end through
law No. 1. and part way into jaw No. 2 as
per drawing.

14. Redrill hole through jaw No. 2 at beveled end
with 21 /61i" drill.

15. Square bottom of blind hole in jaw No. 2 using
a drill ground flat on bottom.

16. Tap 5/16-1P-NC in jaw No. 1.

17. Counterstnk tapped hole in jaw No. 1 to depth
of ?:

1R. Break sharp edges with a file.

19. Draw file and polish all surfaces.

20. Tnsp'ct per drawing.

Parts 3 arvi 4 SCREWS

PROCEDURE:

1. Select stor.k an specified.

Cut to lenwth ulth hn.chsaw.

Ch-cu' tr, Insure r:huck Is running
con%entrIc.

17



BEST CUPY AVAILABLE

4. Face end snd centerdrill

5. Reverae work in lathe.

6. Face end to correct length and centerdrill

7. Place between canters on lathe and drive with
lathe dog.

P. Set Droner spindle speed.

9. Aptly layout dye.

10. Layout as per drawing.

11. Rou,h turn section to be threaded.

12. Turn stock end for end on centers.

13. Rough turn large diameter to rough size for
shoul der.

14. Rough turn recessed section, using small
round nose tool ground to form fillets at
shoulders.

15. Finish turn large diameter.

16. Finish turn recessed section.

17. Set form facing tool an:', form radius on head end.

1P. File radius on collar as per drawing.

19. File all machined surfaces lightly to remove
tool marks and also break all sharp edges.

20. Polished finished section.

rote: Ilse fine c.cry cloth and oil.

a Turn work end for end on centers.

rote: Use brass :inner lathe dog to protect
fini:!h.

22. Finish !);7--1 !,,cction to be threaded.

Untf-: Mr., .nn5" u-,lersi7e to insure.a freet fit.

21 ---,,,w ,?Ith round



24. Set proper sneeds and feeds for threading.

25. Set UD threading tool properly.

26. Cut thread to fit tapped hole in jaw No. 1.

27. Round end of screw No. 3 with forming tool.

28. Turn small section at end of thread on screw
No. 4 for pilot.

Note: This should be a slip fit in blind
hole In jaw No. 2.

29. Center punch for drilled hole through head
section.

30. Drill hole through head section for drive
fit of Part No. 5.

31. Inspect as per drawing.

Part No. 5 PIN

PROCEDURE:

1. Select stock as spedified.

2. Cut to length with power hacksaw.

3. Place work in 3-jaw chuck with 1" projecting.

4. Round end with form tool.

5. Turn stock end for end with 1" projecting.

6:, found end as in step 4,

7. Assemble as per drawing.

B. Inspect as per drawing.
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JOB SHEET

TITLE: CLAMP LATHE DOG

UNIT: LATHE WORK

OCCUPATION: MACHINIST

OBJECTIVE: To develop skills in the use of layout tools
and various machines and sequence of operations.

INFORMATION: The clamp lathe dog is used to drive square and
rectangular work pieces between centers on the
lathe. The tail is inserted into the drive plate.

SPECIFICATIONS:

CLAMP LATHE DOG

MATERIAL: Cold Rolled Steel 7 /s" x 7/8" x 4 7/16" long-Jaw
Cold Rolled Steel 7/8" x 7/8" x 7 5/16" long-
Tail Jaw

Cold Rolled Steel 13/16 Diameter x 4 13/16 long -
Screw

TOOLS AND EQUIPMENT: Power hacksaw, layout dye, scribe,
combination square, milling machine, center
punch, ball peen hammer, 10" double cut
bastart file, 8" mill smooth file, drill press
vise, drill Dress, 15/32" drill, engine lathe,
centers for lathe.lathe dog, facing tool, right
hand turning tool, tool holder, knurling tool,
threading toil, 3/s" drill, 7/16-14-NC tap,
and index head.

PROCEDURE:

PLAIN JAW

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Layout and nark location of 90 degree notch in
center of stock.

4. Locate and draw a line through the center
lengthwise of the stock to intersect t' lines
n1 read dral1-1 for location of q0 degree notch.

5. Startin frog this center, layout and mark
location of holes to be drilled. Layout radius
on ends of stock.

6. ount work 1:1 vine of vertical mill and machine
the 90 degreot notch.

37



7, Drill 15/32" clearance holes 2 places for screws.

8. Rough file radius with 10" bastard file.

Note: check radius with radius gage.

9. Finish file radius with 8" mill smooth file.

10. Draw file all surfaces.

Note: Break all sharp edges and corners.

11. Inspect as per drawing.

PROCEDURE:

TAIL JAW

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Yount work in 4-Jaw chuck

Note: Check to insure work is running concentric.

4. Set lathe for proper R. P. F.

5. Face end of stock.

6. Reverse stock in lathe and face end to correct
length.

7. Set taper attachment to cut taper of 1 9/16"
per foot.

Note: Taner may be cut with tailstock offset
method.

8. Take trial cut on tapered section.

Note: Check for correct taper.

9. Rough turn tapered section.

10. Finish turn tapered section.

11. File tapered section lightly to remove machine
marks.

12. Polish with a fine emery cloth and oil.

11 !JA:tou:, cnnte'r of nntoh.
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14. Layout radius on end of jaw.

15. Yount'work in vise on vertical mill and machine
90 degree notch.

16. Rough file radius with 10" bastard file.

17. Finish file radius with 8" mill smooth file.

18. Clamp jaw on top of tail jaw in position they
will occupy when assembled. Be sure the 90
degree notches are opposite each other.

19. Through the plain jaw spot centers of holes
in tail jaw with 15/32" drill.

20. Drill two 3M" holes in tail jaw.

21. Tap two holes 7/16-14-NC in tail jaw.

Note: Use plenty of cutting o11.

22. Draw file all surfaces.

Note: Break all sharp edges and corners.

23. Heat with acetylene torch and bend tail as
per drawing.

24. Inspect as per drawing.

PROCEDURE:

SCREW

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Yount work in 3-jaw chuck.

4. Face end square and center drill.

5. Reverse work in lathe.

6. Face end to correct length and center drill.

7. Place stock between centers on lathe and hold
with bent tail lathe dog.

8. Rough turn small diameter section.

9. Pr-'Prse rtncic in lathe.

10. Rouv,h turn large dlomev.er section.
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11. Finish turn large diameter section.

12. Set lathe for knurling use medium knUrl.

13. Knurl all of large diameter.

Note: Use plenty of oil.

14. Rough turn head section.

15. Finish turn head section.

16. Rough end of head section with form tool.

17. Reverse stook in lathe.

Note: Protect stock with brass under lathe dog

18. Finish turn small diameter.

Note: Turn small diameter .005" undersize to
insure free fit.

19. Face sholder of knurled section.

20. Set lathe for proper speeds and feeds for
threading.

21. Set threading tool properly.

22. Cut thread to fit tapped hole in tail jaw.

23. Round end of threaded section with form tool.

24. Yount work in index head on vertical mill.

25. When end of cutter touches work raise table
.004ft and cut flat.

26. Index 10 turns and cut flat.

27. Repeat step 27 for next two flats.

28. Inspect as per drawing.

1.10
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TITLE:

UNIT:

OCCUPATION:

OBJECTIVE:

JOB SHEET

TO MAKE A BALL -.PEEN HAMMER

LATHE AND MILL

MACHINIST

To acquaint the student with the use of form
tools on the lathe and the use of the index
head on the milling machine.

INFORMATION: A small ball peen hammer is used on small layout
and very small or light work.

REFERENCE:

SPECIFICATIONS:

BALL-PEEN HAMMER

MATERIAL: Tool steel ;" diameter x 2" long.

TOOLS AND EQUIPVENT: Layout dye, hermaphrodite calipers,
engine lathe, facing tool, right hand turning tool
form tools, tool holder, 8" mill smooth file, 23/61"
drill, #6 taper pin reamer, edge finder, milling
machine, index head and mill cutter.

PROCEDURE:

0

1. Select stock as -Specified.

2. Cutts length on power hacksaw.

3. Mount work in lathe collect.

4. Face end square.

5. Reverse work In lathe.

6. Face end square and to length.

7. Apply layout dye.

8. Scribe 5/8" line with hermaphrodite calipers
for the head.

9. With form tool of 9/64" radius set center of
,sn 11ris r-1 c.,9t to .290

diamect!z..

Note: Use plenty of oil while plunge cutting.

1 et



10. Reverse stock in lathe.

11. Mark center of .235 diameter with hermaphrodite
calipers.

12. With fors* tool of 0/64" radius set center of
tool on scribed line and plunge cut to .235
diameter.

Note: Use plenty of oil while plunge cutting.

13. Yachine diameter to .430 diameter for ball
end.

14. Machine ball with a 7/64" radius form tool.

15. File crown of 1.?" radius on faoe end.

16. Chuck stock in index head.

17. With edge finder find center of hole to be
drilled.

18. Center drill and drill 25/64" diameter.

19. Ream to center from each side with .350 #6 taper
pin reamer.

20. Index 10 turns.

21. Cut flat with bottom of end mill to .477
diameter.

22. Index 20 turns and machine second flat to .453
across flats.

23. Polish and break all sharp edges.

24. Inspect as per drawing.
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JOB SHEET

TITLE: HAND cErTEit Ft7CH

BO WI 11141°.UNLT: LATHE WORK

OCCUPATION: EACHINIST

OBJECTIVE: To develop sltills in straight turning, shoulder
turning, taper turning and knurling.

INFORMATION: A hand center punch is used to centerpunch
layouts for drilling.

SPECIFICATIONS:

HAND CENTER PUNCH

FATERIAL: MACHINERY STEEL 1 1/8" diameter x 4" long Hamm r.

Cold Rolled Steel 3/8" hex x n," long Knob.

Tool steel 9/16n diameter x 5 9/16" long Punch.

TOOLS AND EQ1JPvENT: rower hacksaw, engine lathe, 3-jaw
chuck, 4-law chuck, dead center live center,
lathe face nlate, facing tool, right hand
turning tool, tool holder, knurling tool, form
tools, center drill, appropriate drills, taps..
and dies, layout dye, hermaphrodite calipers,
P" mill smooth file and emery cloth.

PROCEDURE:

HAM ER

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Fount work in 4-law chuck projecting two
inches Indicate chuck so as stock runs true.

4. Face end of stock square and center drill.

S. Place live center in tailstck and adjust to
sunnort work.

6. Tiouoh turn 'ii-imett.r.

7. FlnIsh

C i C obtfl::J

de=ree

9. Turn taner on norm of tor..

Note: rerql tnr.1 cc. ,00uro' rest.



BEST COPY AVAPABLE

10. Finislh file all machined surfaces with a 8"
mill smooth file to remove all machine marks.

11. Set lathe to knurl large diameter.

Not Use plenty of oil.

12. Drill work as per drawing.

13. Cut off work to length as per drawing plus
1/32" to fRee end.

14. Mount work in lathe chuck with 1/4" of stock
Projecting and true as before.

15. Face tnd tc length as per drawing.

16. Round edges with a 8" mill smooth file.

17. Polish with emery cloth and oil.

18. Inspect as per drawing.

PROCEDURE:

KNOB

1. Select stock. as specified.

2. Cut to length with power hacksaw.

3. Mount work in 3-law chuck with one inch
projecting and running true.

4. Face end of stock square.

5. Chamfer corners.

6. Centerdrill end of stock.

7. Drill to size as per drawing.

8. Tap R8 Der drawing.

Note: Hold tap in drill chuck in tailstock
spindle!.

Turn headstock by hand.

9. Cut work off to length as per drawing. plus
1/2." to face end.

10. r,r)nt tin--k 17, lnthep '".:-1; with urfintshd end

11. Face end of stock square.

12. FRe:e to lenth ks per drawing.

1_16



BEST COPY MAKE
13. Round end and form fillet with forming tools.

as per drawing.

14. Polish with emery cloth.

15. Inspect as 13,!r

PROCEDURE:

PUNCIT

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Yount work in 3-law chuck.

4. Face end of stock square and centerdrill.

5. Reverse work in lathe chuck.

6. Face end of stock to length, plus 5/16" to
remove the center hole in punch end.

7. Rough turn 1/4" diameter.

8. Rough turn large diameter.

9. Finish turn large diameter.

10. Finish turn 1/4" diameter.

Vote: Allow .n03" for polishing to size.

11. Finish turn section to be threaded .005"
undersize.

12. Face shoulder of large diameter.

13. File all finished surfaces lightly to remove al&
machine marks.

14. Remove, work from centers and place in lathe chuck.

15. Hold die square with tallatock and die stock
resting on tool holder.

16. Keen a steady pressure with tallstoelt. RPM vex,'

slow and use plenty cf oil.

17. Cut thread to flt tr.tzsed hole in knob.

1P. Rverse work In 711t1.1,-



BEST
COPY MIMIABLE

19. Rough turn 3/16" diameter.

20. Finish turn 3/16" diameter.

21. Face shouldf:r of large diameter section to
length as per drawing.

22. Face punch end to length.

23. Set connound rest pt proper angle to obtain a
taper of 11 degrees.

Note: This is approximately 96 degrees to the
right.

24. Turn tapered section

Note: Feed with compound rest.

25. Set compound rest at an angle of 120 degrees
to the ri ght.

26. Turn angle ns Per drawing.

27. Polish all wachined surfaces lightly to remove
machine, rprhs.

2P. Hardened and draw temper.

29. Inspect as per drpwing.

R
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JOB SHEET

TITLE: HOW TO MAKE PARALLELS

SHAPER WORK

OCCUPATION: MACHINIST

\1N.I
0)91 matal.

OBJECTIVE: To develop skills in operating the shaper,
layout. use of drill press and surface grinder
after hardening.

INFORMATION: Parallels are used with thin stock so that it
malt be raised to a convenient height in the
viee to machine or do work on.

SPECIFICATIONS:

PARALLELS

MATERIAL: Cold Rolled Steel per chart.

TOOLS AND EQUIPMENT: Shaper, drill press, surface grinder,
steel rule, 8" mill smooth file, layout dye,
scriber, center punch, ball peen hammer,
combination square, shaper tool, 1" micrometer,
2" micrometer, center drill, drills as listed
on chart.

PROCEDIIRE:

1. Select stock as specified per chart.

2. Cut to length with power hacksaw.

3. Square end and cut to length on vertical sill.

4, Layout per chart for shaper.

5. Shape to drawing. site.

Note: Leave .007" - .00R" for grind stock
per side.

6. Layout for drilling.

7. -Drill holes as per drawing size on chart.

50



JOB SHEET

8. Countersink all holes.

Note: Use correct size countersink to
deburr holes. ..

9. Break all sharpe edges.

10. Inspect as per drawing.

11. Harden and draw temper.

12. Grind todhart size.

c
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TITLE:

UNIT:

OCCUPATION:

OBJECTIVE:

BEST COPY AVAILABLE

JOB SHEET

HOW TO MAKE HOLD-DOWNS

SHAPTn 'WORK

MACHINIST

To develoo shills in use of the shaper. To
develop skills using hold downs in a shaper
on parallels and angular shaping.

INFORMATION: Hold downs are used in holding thin stock above,
the ton of the vise in order hhat machining
operations may he performed. They are
wedA.:e chaoed in cross section with the thick
edi;-.e beveled 2073 degrees. This causes the
hold-down to press downward at the thin
edge when brought against the work.

SPECTFTCATTW\1S: HOLD-DOWNS

MATERIAL: Cold :lolled Steel. 3 /R" x 1" x 6 1/3"

TOOTS AND EI;TrYETT: Power hacksaw, shaper, surface grinder,
vertlale mil] , millin cutter, combination
square, scribe, layout dye, gage blocks, sine
plata.

PROCEDURE:

3. Select stool( as specified.

2. Cut to length with power hacksaw.

3. Set work in shaper vise.

4. Shaon one side with the use of ho)d-downs.

5. Shane onvialte side sin per drawing.

rote: leave .015" over all grind stock.

6. flouP.h out third st:Irl to 15/16".

7. Sraue fourth Li d^ to 7/P" ulus grind stock.

rote: refp,,. .rnr over 01 grind stock.



I

1

nreT cm AvAILABLE
R. t,1111 enl.i square to finished lcni.,th.gic"

9. Shape out tt32" x 5/32" section.
10. Shape angle on top as per drawing.

12.. Harden and .:raw teu:er.

12. nress grindinP, wheel.

13. Finish grind both sides of 5/16" dimension.
14. Grind 6 der angle and -opposite side as per

drawing,.

15. Insue:ct as per drawing.

:
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TITLE: TO A F.;LNCH 'iLOCK

UNIT: LATHE AND DRILI PRESS WORK

OCCUPATION: YA:Pi":IST

JOB SHEET

BEST COPY !MILAN.

OBJECTIVE: To deve]op skIlln in bench layout, lathe and
drill presf oner,..tions.

INFORMATION: The lerch rlock ¶s very useful for drill press
work, knncki!,0; out pins and bench assembly.

SFECIFICATIOrS:

IWCH BLOCK

MATERIAL: Cold Roller? Steel 3 1/8" diameter x 1 5/8" long.

TOOLS AIM E'Q=-71-T: 1:aci:saw, engine lathe, 3-jaw chi ck,
drill r,ress.. steel rule, center drill, facing
tool, rl:AAc turnlng, tool, knurling tool,
R" rill file, layout dye, combination
square, diviers, center punch, ball peen
11mr:or, Rpr:w)riate drills and reamers, vertical
TrAll aq121r.:. cutter.

PROCEMRE:

1. s^1,.,;T ns

2. Cut to 1-.;:t,11 wit 1),:wer hacksaw,

3. 1r, 7.9th* and face end square.

4. Con!' -r

7/1"

6. Dr L.:1 '; 9/1 6" hol e.

7. =,4-1-

',10,7,nte,s 1" deep.

lc r..,;-res nngle. as



10. :'once` ()V ft,

11., Fount- ;7 't-,r,e.k.
BEST COPY AVAILABLE

"Th-c'k - eht:ck in running conteertrio.

12. ilovth tr-

13. 171n:::;h '

i4. rnc^ thiokn(!:ns

15. I;nur".

"!:(- p?-r)1v of 1.

16. all ( -1-1,-- wit.11 8" mill smooth file,

17. ADP1y joyczt.',

1P. TP,Vrvli

19. Crntr

r

20. Dil e71 =1,- - -

21. --); r" 111P;

22, st,t. on vA.rt1 cal mill.

21, 7,.1.1-

'n

arcle.

2,5. 7--)11:,-

, .
,

2 .

'
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JOY ;ET
TITLE: " A' 1)1

BEST WY
UNIT: LAT'i1.; WCT1r:

OCCUPAT1OE: r ;,

OBJECTIVE: To 0,-ve1r; 11 - 1 11 , t tr.:pertrn ncr ' 1: n the 1,.),:i.zont..41. rain
us Irir

INFORMATION: A nd v Is u5,*: to hc.1 mlid turn
tn r The

chl;clz cr r. h::,1(1): the tap
s6curt.1 y It r 11;13 ful f or turning small
hqnd s.

SPEC TPICATI01.3:

TAP WRENCH

MATERIAL: 1 1/16" x
;

- rr H. .-e.1 '5,/16" el iamet er x

Ste-- - Cc) rf, 7/1" dlarr..te,r x 3 7/8" lon.

TOOLS AND tatl- ft, fa(li ra, tool,
ritz.?4, . tool,
1,,Nrc,

, et,inter
, 1 ,1'10, (4. ok; ,

()" ; 1.111 r,n-ooth file,
-711.171 mil 1 1 lig

b tr.

PROCRIVT3F.:

3.



BEST COPY AVAILABLE
4. Pace end of stock.

5. Centerdrill and support work with center in
tailstoLk.

6. Rough turn diwoeter.

7. Finish turn diameter.

R. Rough turn tuner.

9. Knurl with either ITIdium or course knurl.

Note: use olo-,nty of'oil.
Set correct speed and feed for knurling.

10. Finish turn taper.

11. Drill Into end of work as per drawing.

12. File tapered stction with 8" mill smooth file,
break all sharp ed,',ce Polish tapered section
with fine errery cloth and oil.

13. Cut off work as per drawing :.

Note: Use plenty of oil on cut off tool.

l4. Fount worll' in 3-law chuck, with unfinished end
pro,lectin:;.

15. Face end to lenoth

16. Drill 1 1/1" deep with 5/P" drill.

17. Pore holt- to an(Ti depth as per drawing.

1P. Pore thr(-adir

10. Tan 'tole 1/4-16-NF.

Note: 1i-14 s''-nYtina., tap, plui; tap and then bottom

rse T'lrnty of oil.

2(). worl.

21. Pr%.:

72, ^4'

2"3.



PROCEDURE:

HANDLE

1. Select stock as specified.

2. Cut to length with power hacksaw.
-

3. Place stock in lathe check.

4. Face and round ends to length.

5. Inspect asper drawing.

PROCEDURE:

STEM

1. Select stock as specified

2. Cut to lenth with power hacksaw

3. Mount work in 3jaw chuck.

4. Face end of stock.

5. Reverse work in chuck.

6. Face end of stock to length.

7. Rough turn all diameters.

8. Finish turn all diameters except the tapered
section.

Note: Turn the threaded diameter .005" undersize
for free fit.

9. Finish turn all fillets.

10. Set proper seed and feed for threading.

11. Cut thread to fit tapped hole in nut.

12. Drill hole in end of stem as per drawing.

13. Layout, center punch, drill and ream hole through
diameter of head.

14. Mount work in index head on horizontal mill.

15. Center work over cutter.

16. Set proper speed and feed on mill.

61

(Retyped at ERIC Clearinghouse on Career Education due to poor
.

reproducibility of original.)



BEST COPY AVAILABLE
17. rIll one. ;lot, - througf, stok.

part 90 (..grees.1R. Ins rmet: fr no- '11'sr-P4 1'
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TITLE: ADJU:";TAPLE TAP

UNIT: LATHE WORK A1,D Vi LL WORK

OCCUPATION : 1''ACHINFT

OBJECTIVE: To devlon,s1:111s in straivht turning, threading,
knurl tr mnd !):::sc,Thly of parts after ranninin&.

J013 SHEET

BEST COPY AVAILABLE

VNIMIPATION: An Adlustable tar% wrench is a straight type
wrench navirw a V-sl.,Ped onening in the center.
A sltdinR meml,,;, or adlustoble law operated
by one of the 11,:n:rie:: makes It possible to hold
taps of VR:iallti size:se This type wrench is
made in rar.r sizes to turn taps and reamers
of all sizes.

SPECIFICATIONS:

J 1TSKETA TAP VAD RE NCH

rATERIAL: Adjusting s1ee-e C -'Jii Rolled steel 11/16"
dimmetr x 5" 10:!4.

Body - Cold Roll:-(! Steel 3/4" diameter x 7
5/16"

P1orwer - Tool Steel diameter x 4 3/16" lorg.

Bert a,; rusts wire .047 dtayneter x 2 1/[1" long.

TOOLS AND EQU1PT'.77: engine lathe, vertical
flz1n,=; ! r',.nt hand turning to l,

t,01 dr.ed center, live
center, 1n' (:rlve plate, (1'1-ill chl:olt,

o^nter,1.-11. doable, nut blstard file,
P" m111 layot dye, c-nttrpunnh,

r' be ::.:1:are, ball 1)es..:11 hwilmer,

,101,nrlate (1rill , %st,!..dy rz,21t,

reP! ro

PriCr.E;)'71n.::

kof

3 4o; n > we. rk in 3- jaw



5. Centerdrill end of stock.

Plnos
ctaInstIrz s I

7. aouah turn 1arc-^ °1qtnolc.e.-7..

P. Rouvh 11-)1

BEST COPY AVAILABLE

t7).11.:';;Jck and support

7a Finish :s-!-0 1

Pa. F1rh t .rn I -irk-, Ili:meter.

4 Knurl 1.Lr,;/

Note;

^r wIth metdium or fine diamond.

rf c'1.
' ana feed for knurling.

10. Break all shqrn ed.:es with a P" mill smooth file.

11. Poll r;h

and oil.
a11 diamf,t°.r with fine emery cloth

12. Orli! r-r oc tt:1: tan drill to dnpth.

13. 7;lu

clrite.r.

so:.t! I,: and .111ding t.p with talistock

1/. tut to 1/,2. for fi.ng end.

15. ro.:rit -,1-12-% in

.0
,

16. 77Act,

cl
V, 1 ; ,rt to protect knurl.

17. FIlt- ' , ?atie! flle.

lr. Fol

10. 1 ./.t" i.;! sl

20. cptls.r cc,ortren.ink holft.

21. ,

PROCEDVRE:'

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Mount work in 3-jaw chuck.

4. Face end of stock and centerdrill.

5. Reverse stock in the chuck.



Mr.

6. Face end to length and centerdrill.

7. Mount work between centers on lathe.

AL Rough turn all three diameters.

9. Rough turn fillets at shoulders.

10. Finish turn all three diameters.

11. Finish turn fillets at shoulders.

12. Set up lathe and threading tool to machine
1/2-20-NC.

13. Cut threads and check fit with tapped hole in
adjusting sleeve.

i4. Set work in vise on milling machine.

15. Mill flat surface on center section.

16. Layout, centerpunch add drill hole through
center flat section.

17. Mount work in 3-jaw chuck on lathe. Set up
steady rest on 7/16" diameter to support work.

18. Drill and ream hole through handle to meet
drilled hole the t flat section

19. Saw 1/16" slot through threaded section..

20. Mount work in vise on milling machine with flat
section on parallels with drilled hole clear of
parallels.

21. Broach 90 degree notch in body to hold tap.

22. File and polish all machined surfaces.

23. Inspect as per drawing.

PROCEDURE:

PLUNGER

1. Select stock as specified.

2. Cut to length with power hacksaw.

3. Mount work in 3-jaw chuck.

4. Face and square

67

(Retyped at ERIC Clearinghouse in Career Education due to marginal

legibility of original.)



t

i. C°P'Reverse 1..ork In Intht- chunk.

6. Face 0:nd squ=ire ,:1.1 to tenth, plus 5/8n stock
for removing, ce.,:t-.rs.

7. CenterdrIll end lf t-41k

0

8. rount work bet(It4n centri3 on lathe.

9. Rough turn two dILITt,:-rs.

10. Face shoulder t'- length.

11. Finish turn rliA:ers, :1eave .0039-.00u stock
on small ddia::rrt -for fllinc?: to size.

12. File Tor slit) fit in to reamed hole through
handle of body.

-Place vork Ar-lathe -chack-with-SIWIT-6114-prOTIZttilg----
and face end to lensth, removing the center.

14. Reverse work, in ]athe chuck and face large end
to lenth, the center.

15. Turn 300 ano,le on lare diameter by using the
compound rest.

16. Set part in vis., n millinz machine with- the
side of Dare At 11, (1?.gr-o-s to bottom of vise.

rachine 90 de:re notch F414 45 dex,rem angles
on small diar.etr.

1P. layout centerpunci- qr1 drill for 1/16u pin.

10. Hardened all ov-r And eirow te!:1-er.

20. Inspect as n..: ;4r-v <; ng.

PROCETTRE:

1. Select A ;-
drill rt ham'...

-;-1] is,/ Li" long and
froro end with

2. Piga,- r-v: 4.r ,31-1.13.ittl end

C,-,11 S Y. 4'tn, renter
it

;.?



4, Run music wire (1P gauge) between-two- wood or .

filer bioclks clamped in tool nost:--Dend hookBEST COPY AVAILABLE

on ehd of wire 1/4" 161V;-"End-sit right angles-.

5, Place hook through-hole in rode (froth bottot side).

and run cross slide back until wire is tight.

6. Place lathe in back gear at slow R.P.M.

7. Arrange lathe to cut-6 tEr-Fadt per inch, left

hand.

Notes The wire should be stretched-at right
angles to the rod when winding.tegins.
When spring, is wound, back lathe spindle
up by hand until tension is rnIeved,
before cutting wire.

R. Wind spring the same as cutting a left hand

Cut wire close to hook and remove spring from
rod. .Cut snring to length and grind ends.

10. Inspect as per drawing.
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BEST COPY AV WAIVE

JOB SHEET

TITLE: TO lokKE A DIE STOCK

UNIT: IATtir :FORK

OCCUPATION: MACHINIST

OBJECTIVE: To develop skills in layout abd machining .of
parts And assembly of harts after -mchining.'

INFORMATION: The ale stock is used to hold ilk die for cutting
threads of smallf.:r sizes. It holds button
dies to cut threads while holding the worl,: in
a ben(:h vise. These threads are not as accurate
as when they are cut on the lathe.

SPECIFICATIONS:
DIE STOCK

MATERIAL: Cold Stool
Body 1.3/4" diameter x 7/8" long.
Hand] diamete'c r 5 3/8" long.
Guide lh diameter x 3/411 long.

TOOLS AM EQUIPYFT: Layout dya, combination square, center.
dr111, $.1opiopriate drills, appropriate taps,
and dies, A" mill smooth file, soxIbe, ball
peen hAnr, center punch, 4" counterbore,
steal rule. hacti3a14, micrometer and hermaphrodite

PRCEDrRE:

BODY

1. Selnet as smoUind.

OW,-, to it-rwth on po.war Da leksaw.

" e 1"

" , 1* 1)

:



8. Rfzverse stock in lathe:

9. Fare enr: square and to length.

10. Bore .P14" dia=ter 7 ill deep.

BEST con AVAII.ABLE

Note: Check inside corner for squarnesr3.

11. ?poin workOri 3/4" diameter lathe mandral.

12. Turn outside diameter to 1 5/8".

13. -Medium knurl as per drawing.

14. Break sharp edges to 1/32" rddius.

15. Layout all holes as per drawing.

16. Drill two holes with #20 drill.

17. Tap with 1032-NF.

18. Drill two holes with 17/64" drill.

19. Tap with 5/16-24-NF.

20. Couuterboro *" diameter x 1/32" deep.

21. Inrpect as per drawing.

HANDLE 2 REQ

1. Select stock as specified.

2. Cut to lenp;th on power hacksaw.

3. Face cnd square.

4, Centerdrill end and place. center in tailstock
in Dart.

5. True rp.rt.

6. f!!!.31 of 11,:ln,110 to )crIgth of 1 7/8".

7, R, , '

wit'r br9Aall.

P



10. Turn taper.

11. Cut 5/16-24-NP threads.

12. Machine center out of knurled end.
.

13. File 1/16" crown on knurled end. .

14. Layout1/8" diameter hole at knurled end.

15. Drill 1/8" diameter hole.

16. Break all sharp edges and polish.

17. Inspect as per drawing.

GUIDE 6 REQ'D

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. Face end square.

4. Drill hole "A" as per chart x 3/4" deep.

5. Turn 1.000" diameter.

6. Turn .812" diameter.

7. Cut Off to 5/8" long.

8. Face end square.

9. Break all sharp edges.

10. File or machine 1/4" flat on side.

11. Polish all over.

12. Inspect as per drawing.

%

I
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TITLE:

UNIT:

n

YAMMST'S JACK SCREW

IAT:!'.: IsirK

JO} SHEET

BEST COPY WAVLE

OCCUPATION: YACtITNIST !

,A

OBJECTIVE: To r?evelop skIlls in !Itraight turning, shoulder
cuttlup-., rrcess antting and internal and :

external threadln.
q

INFORrATIM: A rtehtnistts lack is used in order to have
work level. It is sovetimes necessary to use
a lack to support.2at some point of the work.

SPECIFICATIONS:

MATERIAL:

YACHINISTIS JACK SCREW

7.1w:e C,-)ld Poll:,0 Stif,41 1" Rex. xl 1/8" long.
Sl f;.vc CnI,1 Roll.-d Steel 7/P" Hex x 14";.long.
(3.0r v: Cell!! ',1olled Steel. 5/9" 117t.x 2 11/16" long.
Swivel Coln Rollz!d Stet113/16" diameter x 2" lonp;,

TOOTS AM Tf;)IiIF;--,1: l'o': or hscksaw, layout dye, facing
tonl, tool holdr,ri 3-law chuck. center drill,
drill Chuck, boreinq bar, 3/4-16-11 tap,
2:',/6h" (Iri,11 7/16-14-NC tap, radius form tool,
form tool: AP32" drill and hand hacksaw.

PROCEWT;::

BASE

1. .7'.fir,t :;t:-) as sr*aififld.

2. Cu t tr ierrth with power hacksaw,

3. !.ou,It 40.1-1: In 3.1rc.r chuck.

i.
. i's,:',. '--el (-)' '''';o,:k.

c :r,v,--r.,,. r;,-c.ck In en,Ic':.).

r- 1' it ".r.

,, n;:, d. m. nr,- r1r.ing..

^ r 4. r .-0.t ,



BEST COPY AVAILABLE

10. Set lnthe for proner speed and feed for threiding.

11. Set cortound rest for internal threading.

12. Cut internal thrend.

Not-e: Allow .005"-.010" stock for tap to remove.

NotP: Use! plenty of cutttng oil.

13. FlnIsh thre..d with 3/4-16-FF tap.

Note,: Tap on lathe.wtth center mounted in
tallstock inserted into center of tap.

lh. ChwIc'er corners of hex:

15. Chnfer ends of threadd.

16. Tnsnectss per drawing.

PROCFMTRE:

SLEEVE

1. Selct storA as specified.

Cu`2. to lenc:th with power hacksaw.

3. vonnt work In 3-1nw chuck.

4.* Face of stock.

5. noup.h turn diameter to he threJaded.

6. Fholdn, end cut thremding recess ms per

7. Crter-!1-1_1 end 31: stock.

P. Dr5fl w'n 23/0t drill ns per drawing.

.:1th tr,o) 0,i per. Ornwing to a depth
r'

rr eu%

t : ed.

r.
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BEST COPY AVAILABLE

13. Chamfer outside corners of hex section and end
of thread.

14. Place work in bench rise and finish tapping by
hand.

Note: Use plenty of cutting all.

15. Screw sleeve into base with shoulder of sieewel
againtst top of base. Place work in lathe
chuck gripping on base.

16. race end and rough face shoulder.

17. Finish face shoulder, using tool ground to fors
fillet. File corner.

18. Chamfer outside corners of hex.

19. Chamfer ead of threads.

20. Inspect as per drawing.

PROCEDURE:

SCREW

1. 8/%1e-et stock as specified.

2. Cut to ] ength with power hacksaw.

3. rount work in 3-jaw chuck.

4. Fnce end of stonk.

5. F(-v-r*,- sc.,ck in chuck.

6. ?.loP: ors of Rtock to lonPth.

7. lif.tivh turn diRT^ter to he threaded.

P. P-r. 110.11:ler rt,ld cut threading recess as per
dr,,)nv,

t.."?. Flni:;;I tu-r. rtnnt1on to be thr,!.aded.

1

:,,: ,1.r. e.',:-!1::. .-orst. underc,Ize to Insure

. or -,-,1nr.r !-,--re-,d nnd fet,d to cut

7,11,
1 r ,

%



. OM COPY AVAILAtit

11. Screw the finished thread -into sleeve with
shoulder of screw againist ton of sleeve
Snre:w sleeve into Base and Place in 3-jaw chudt.

12. RouP.h turn diameter of ball. ).

13. 'Lim fillet next to hex section using a forming-
tobl.

.

.

14. Face shou3der and form fillet in one operatiom
usin g forming tool.

. -

15. Finish turn ball, using forming tools,

16. Inspect as Per drawing.

PROCEDURE:

SWIVEL

1. Snlect stock as specified.

2. Cut to length with power hacksaw.

3. Yount in 3-jaw chuck.

4. Fan end,

5. Pou:711 turn diameter.

6. Center c!rill and drill 9/32". 3/16" deep.

7. FInIsh turn dler.,eter.

R. Fpce st-ouId,r snd torn fillet.

Q. RFIJius end as per drawing with tin mill smooth
fIle.

10. Cl't cff to 1na:2th an per drawing, allow 1/32
tO cRe'.!t end.

11. !'%)%lt In "A-ror onsJek,

12. r's,-- ,,,Iv tx ::,::-.7.-(: ',,,th.

i' slc)tq -..:(' ''.),,t hrtclIsqw an pt' drawn.

...-, - -h of

rit4.--rnf-n -tr. y..L.-c.
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`JOB SHEET'

-GADSE"-'

0.411r. .0

WI ft14111111:

and all 'phases of machine
"gr:sOly,t3t partst

ied for layout purpose with a

Si

StiltACP `Cik(

31, long C. R. S.

2 1$4" diaMete.r x 2" long C. R. So

i16'. 3 5/16" Diameter x 101/2" long Drill &x

i*3 1 4 5/8" diameter x 21/2" long C. R. S.

No: 5 3/16" diazeter .x 1" long. C. R. S.

Wt No., 6 7/8" diarnet-P..r x 2" long. C. R. S.

Part No, 7 1/4" dieneter x 11/2" long. C. R. S.

Pert No. 8 7/3.6" diameter x 11/2" long C. R. S.

Part No. 9 7/16" x 7/16" x 1" C. R. S.

Part No. 10 3/8" diarretex x 51/4" long Drill Rod

:111561t 'AND EV.It_PMENT.

TO B DETTiX1171-.ZD DY ST.131YRIT

tRaIDIYRFS:

1. <



S

3. Face end square.
BEST COPY 11131E

4. Drill and Ream all holes

5. Machine as per drawing.

6. Cut to length.

7. Cut recess in base.

8. Drill hole for spindle key

9. Drill and tap 10-24-NC hole.

10. Inspect as per drawing.

ADJIJSTIM3 CYJLIAR

1. Slect stock as specified.

2. Cut to length on per hacksaw.

3. Face end and center drill.

4. Rough turn all diameters.

5. Finish tern all diameters.

6. Knurl Do...ge diameter.

7. Drill hole to 10,) taped and start tap in lathe.

Nall: Us' plenty of oil.

8. Chamfer end of thread.

9. Fce shoul;:sr tc, length.

10. Certt- fit of ?,/4" diarLster in to reamed hole of
Lase.

11. 1 : N: 2.,SS :na11. dienter.

13.

2 1.



Mo.

SPINDLE

1. Select stock as specified.
SESI

01 MAIO.

2. Qit to length on power hacksaw.

3. Mount work in coll(t and face end square and to length.

4. Machine 5/16-24-NF threads and chamfer.

5. Polish all over.

6. Mill keyseat as per drawing.

7. Inspect as per drawing.

THUM Sat Eti

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. Face end square and center drill.

4. Use lathe center in tail stock.

5. Rmgh turn large diaraBter.

6. Rough turn snlall diamter.

7. Finish turn I:d.rge daimetP.r.

8. Knurl large diameter .

9. Use form tcol and machine radius.

10. Finish turn snail dian'eter and face shoulder to length.

11. Machine threads on lathe.

12. ::.c.cticn a', end of threaded end, allowing km
for

13. Sz::: 01..".: (with a approkinkltely 7/32" of pi)ot



SPINDLE KEY
13E5 COPY MIME

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. File angles and flats on stock as per drawing.

4. Place key in base and check for sliding fit in keyway
of spindle.

5. File and polish top of key flush with base.

6. Inspect as per drawing.

CLAMP NUT

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. Face end square.

4. Center drill, drill and tap 10 -24 -NC hole.

5. Rough turn large diameter

6. Rough turn small diameter.

7. Finish turn large diameter.

8. Knurl large diameter.

9. Finish turn small diameter using form tool.

10. Face shoulder.

11. Cut to length.

rorm. Leve clamp nut unfinished for the present and
make c? :imp screw and use it as a stub arbor
to face end of clamp nut.

Saa7

1. St:!1c,:t as sp-cified.

2. Cr,:

4. r i 1_4.tr :



6. Chamfer thread.

7. Cut to length and face end square.,

8. Place clamp screw in collect with threads projecting
3/8", screw clamp nut on threads and face end
square.

NOTE: Do not drill #30 hole.

9. Inspect as per drawing.

NEEDLE SLAVE

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. Face end square, centerdrill and drill with 3/16"
drill 1/2" deep.

4. Turn diameter to 3/8".

5. Cut to length and face end square.

6. Layout and center punch hole to be drilled through
diameter.

7. Place needle sleeve and clamp screw together in

correct position.

8. Transfer to drill press and drill holes as per drawing.

9. Remove all buris.

10. Inspect as per drawing.

CLAMP

1. Select stock as specified.

2. 3;t. to length on powr hacksaw.

3. &m are am.irra:hi to length.

4. or filr2



6. Ream 19/64" hole to 5/16"

7. Made in mill vise and saw 1/32" slot.

8. Inspect as per drawing.

NEEDLE

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. Grind ends to point as per drawing.

4. Bend hook end as per drawing.

5. Harden and draw temper.

6. Polish all over.

7. Inspect as per drawing.
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TITLE:

JOB SHEET

TO MAKE A MACHINIST VISE BEST COPY PAII.ABLE

UNIT: MILLING MACHINE AND LATHE

OCCUPATION: MACHINIST

OBJECTIVE: To develop skills in layout and all phases of
machine operations and assembly of parts to
a close tolerance.

INFORMATION: The machinist vise is a very useful tool in
holding small parts to be machined or ground an
the surface grinder and for bench work.

SPECIFICATIONS:

MACHINISTS VISE

MATERIAL: Cold Rolled Steel

Body - 1 3/4" x 14" x We long.

Jaw - 1 3/4" x 1 3/16" x V8"

Screw - 7/8" diameter x 5-1" long.

Guide plate - 1/e" x x 1" long.

Hand wheel - 2" diameter x 2i" long.

TOOLS AND EQUIP::77: Layout dye, vernier height wage,
approrolate milling cutters, drills and taps,
milling !flachine, scrib, hermsphrodite calip2rs,
combination square, engine lathe, facing tool,
right hand turning tool, knurling tool, threading
tool, centcr gage, index head, and shaper.

PROCIEDURR:

BODY

1. S)(-:(_: !-ztoc., A.1 sp,,,eifie,d.

2. Coi. tc. -;e--, 0:; n,:er hE.clmnw.

3. 3:-.:-czs,- ,:,-;'i 1; ,',-)-.!, r ,:n.1 r tchi:It- to eislons



BM COPY AwlME
oPPning .P12" deep x 1 3/16" long.

6. vacIlt,:e rece::Ises with 1/16" ball end mill.

7. raohinn '" inc? 1," F-rooves in bottom of vise as
per arnwinq,

". Mace work in vise on mill with hole to be
drilled un.

';ot^: Clie04 for squnrnnss with squire.

9. Find center of hole to be drilled with a wiggler.

10. Centerdrtll and drill hole and tap 3/P-16-NC.

!ote: Start tap in machine to insure squarness.

11. Yachine anp;le x 45 degree on back of vise.

12. *Exchine angle on solid jaw of vise.

11. TIreak all sharp edges.

lb. Insoect as pPr drawing.

15. Case harden and draw temper.

1(). " ;rind all over.

JAW

1. Select stock as specified.

2. Cut to lenwth on pownr hacksaw.

3. Square work in EThaper and mno.hine to dimnsions
Ps Der drawing.

4. Layout a :; per drawing.

5. drill, drill and tap 32-NC holes in
nr

6. Drif 5/],.=° ho1.!! in 1,ack of jaw.

7. -pc.;.0 1.:,,I).;):3 n rt. 0.--



9. Break all sharp edges. BEST COPY AVAILABLE

10. Inspect as per drawing.

11. Caseharden and draw temper.

12. Grind all over to fit body.

SCREW

1. Select stock as specified.

2. Cut to length on power hacksaw.

3. Face both end square and center drill.

. Note: Leave 3/s" on each end to remove centerdrill.

4. Turn threaded diameter to .370" x 4 1/8" long.

5. Turn large diameter

6. Turn small diameter to .480".

7. Fedi= knurl larg diameter.

P. Chase threads on lathe /R-16-4C.

Not Use nlenty of oil.

9. Machine end of threads to .312" to fit movable
jaw.

10. Remove center drill and machine 59 degree angle
on end of st:rew.

11. nl070 cemtnr drill f5 0m .490" diameter end.

12. Yount work in lndr,x, head and machine .375"
sQuAl- on find of screw.

)1j. P-2-a(% all sharp ele.,es and chumphnr threads.

14. 1or:n1cA as f-,:r lrtwing,

:1-:1-; e: 1't w 1.;,;nrr7r.

7



3. (Illare ern :s and nlachlne as per drawing.

4. ,,,40t holes as per drawing.

5. r.:sni. a-1 counter ,;Irk holes.

6. Freak all sharp edges.

7. -irind two sides.

Insnect as pir

11,A.2M WHEEL

1. !,Ple.ct stock F speclfied.

2. Cl.t .-)n power hacksaw.

1. Fne ^nq flquqn'.

14. Tcrn dio,,,et,-r to 1.000 x .375".

5. T.4:.!1 dinet:-;r to 1.Q75" 7( 5/8".

6, k:-.1.,r1 on la,::;ce diarceter.

7. C,!--r dr11) an drIll 1" dtep.

c'zt 1!1-0,-th.

1C.

UST COPY MI AllABLE

;",) ryw;le on inside of hand

-c-0;'1 hole on hand arbor press.

oil an:; chcck for squarness.

r c
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109 :,ITEET

TI rot. A 5" SIrE BAR
BE WY AVAILABLE

TAT,;7, FIILI!!(= 'CHI!' AVD GRIflDER

OCCHPATTff: "ACTrIST

OPJFCTIVY,: To sk111:; and sequence on machining
wh.n s.--veral machines are used and

rre:,Inion Is of the main importance.

INFOPnTrc%": "!rs stn- bzr is an Instrument of precision used
tr),)11,n1;er in layin;: out, setting, tent5m

art otherwInt- (lealtnR' with angular work which
q close dez.ree of accuracy in its

flr:Pnu:olls. It consists of a bar of steel with
r-)l'irs or loP:s of equal diameter secured
th- erit; of the bar and hovinP; their

csor rn 1 ¶n wspetly parallel with the edger
of' te skne brir.

5" SINE BAR

"old Pot S'neel 1"1,1 1/n" X 6 1/P" long
(,;(,1,1 ';071(i Steel 3/4" dinTeter lie lonF,
70!:: .11e,! Steel x 1" x 1. 1/" long.

F(N,,er lkyout fluid,comtstnation
" rIll smooth file,

n,,r h ocribm, 1/16"
?/2 ,N.olnito'r bore, 5/16",

2:1'° (1r1 . 16 drill, steel
tan, -0. 2/: er111, ve*mier

and rIrLle plate.

hankF:01.

,r rce.



6. Layout six relief holed.
LIST COPY "411-I6i

7. machine to layout lines.

Note: Leave .025" for grind all over.

8. Drill holes as per drawing.

9. Counter sink both sides.

10. Drill and tan two holes for R-32-NC. screws.

11. Cc-molete layout,

12. Drill two 1/R" diameter relief holes.

13. Machine to layout lines.

Note: Leave grind stock.

14. Set on stock in mill and drill. 166 and counter
bore for e -32 -NC screws.

15. Harden and temper.

16. Grind all over as per drawing.

17. Break all sharp edges.

11. Inspect as per drawing.

ROLLER

I. Sels,ct stock as specified.

2. cut to length with power hacksaw.

: .

1.1..

mount work in 3-law chuck or colleet on lathe.

Fnce ends square and centerdrill.

5. Fl,nt worlt 1.,etwon cent.l1r7,.

6.

,
e.

r.

Tilyout 1.4s i 7, drnwIng.

'4,)'11.:i torn to ,11':4tnions before netnt treat.

:,-1 oo'. .:1','h 1?P" (-torf tool.

1 -, ;.., .:,: 01.!-Ii-,1 Ir. v.Ir 6r.wl,n,7,.

t!,,,, :)01,:1 , , ! % ;



BEST COPY P.'PAILABLE

11. harden and temper.,

12. Clean scale and dirt out of center holes.

11. "lqce work betl.;ee'n centers on clyndri cal grind.v.

lb. Clenn up on grinder. .

Jote: Check fbr taper.

1"). Grind to finished dimensions.

. 16. Fount work in V-9lock on surface grinder.

17. Cut into and ends off with cut off wheel.

lii. Surface grind ends as per drawing.

rote: Hold work in V-block for squarness.

l'i. F-rq1,. all sharp edges.

20. Insnect as per drawing.

END PLATE

1. SAle(st stock as specified.

2. Cut to length with power hacksaw.

,

. ';'1,-)rf! end and side in mill.,

4. jacout as per drawing.

r;. ';--t--... 1r111 and drill two holes .166 diameter.

(-. '!-!;-='1 to dirensions.

'-te.! Teakt1 grind stock.

..

...."4.' arri teTrer.

-71 .-i.r

, ' -- 1,-! or.-1;.Inz.
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JOB SHEET

TITLE: TO MAKE A HAND VISE

UNIT: MILLING MACHINE AND LATHE WORK

OCCUPATION: MACHINIST

OBJECTIVE: Th dPvelop skills in layout and all phases of machine
operations and assembly of parts to a close tolerance.

INNS DI The hand vise is a very useful tool in holding small
parts for hand work at the bench.

SPECIPTC.ATICINS:

HAND VISE

MATERIAL: HANDLE: 14" diameter x 5" long aluminium.

SCREW: 15" diameter x 4" long C.R.S.

SCREW SLEEVE 5/8" diameter x 5/8" long C.R. S.

LEADER PIN 3/8" diameter x 2 15/16" long C.R.S.

HANDLE: 1/4" diameter x 31/2" long C. R. S.

EALLS:''3/8" diameter x 11/2" long. C. R. S.

CEMLE Ken 3/4" x 1/2" x 31/4" C. R. S.

JAWS: 5/8" x 11/2" x 4 7/8" C. R. S.

grilTs Agp Leyollt dye, Engine lathe, 3.,Jaw chuck,

Appropriate lathe tools, appropriate drills, reamers
and taps, 4-Jaw chuck, Milling machine, Rotary table,
appropriate mill cutters.

prompun::n

U0 BE DEVEWPED BY SUTD;z:NT
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JOB SHEET

TITLE: TO AKE AN ARPOR PRESS

UNIT:

OCCUPATION: FACHINIST

OBJECTIVE: To develop skills in precision layout and
machinim; operations and machining of rack and
pinion gears.

INFORMATION: Arbor presses ere mainly used for pressing
Parts together and for broaching a square or
rectangular hole;

REFERENCE:

SPECIFICATIONS:

VATERIAL:

ARBOR PRESS

Cold Boned Steel
Table 2" diarretpr x 5/8" long
Cover Plate: 1/4" x 1" x 2 1/8" long
Table Pin 5/16" diameter x 1 .1/8" long.
Sleeve: 11/4" diarreter x 2" long
Pinion Gear: 11/4" dineter x 2 3/4" long
GeaT Shaft Screw: 3/4" diarnet.,x x 11/4" long
Rack Pad : 7/8" diarzetea. 1Xx" long
Handle : 3/8" diai:re.ter x 51/2" long
Handle 5/s" dlanciter x 3'1" long.
Rack Gear 5/8" x 1/2" x 5" long.
ConTn 1 1/q" x 9 3/8" x 6 1/8"
Base 1" x x l"

TOOLS AND EQUIPrENT:

TO RE DMETZLINED EY STUDENT

PIOCII.X3RES:

47..,1:1721,!.73 M.' P 7:7-,:77
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